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(57) ABSTRACT

An imaging device of the present invention comprises an
imaging section, including an image sensor for imaging a
subject, for generating image data based on output signals of
the image sensor; a control section for casing repeated opera-
tion of the imaging section in accordance with a single release
operation; an adding processing section for sequentially add-
ing image data repeatedly output from the imaging section
and generating added mage data; an image display section for
displaying the added image data; and a setting section for
setting a repeat period for the imaging section and instructing
to the control section. Also, an imaging device of the present
invention, comprises an imaging section for repeatedly form-
ing an image of a subject at a set period, while performing a
bulb exposure operation, and outputting image data; an add-
ing processing section for performing adding processing of
the image data and previously output image data; an added
image storage section for respectively independently storing
a plurality of added images that have been added by the
adding processing section, and a display section for display-
ing, in a list, the plurality of added images that have been
stored in the added image storage section after completion of
the bulb exposure operation.

21 Claims, 43 Drawing Sheets
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IMAGING DEVICE AND CONTROL METHOD
FOR IMAGING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/475,698 (referred to as “the *698 application™ and
incorporated herein by reference), filed on May 18, 2012,
titled “IMAGING DEVICE AND CONTROL METHOD
FOR IMAGING DEVICE,” and listing Yoji WATANARBE, as
the inventor, the *698 application being a divisional of U.S.
patent application Ser. No. 12/268,972 (referred to as “the
’972 application” and incorporated herein by reference), filed
on Nov. 11, 2008, titled “IMAGING DEVICE AND CON-
TROL METHOD FOR IMAGING DEVICE,” and listing
Keiji KUNISHIGE, Satoshi MIYAZAKI AND Yoji
WATANABE, as the inventors, the 972 application being
based upon and claiming benefit under 35 U.S.C. §119, to the
filing dates of prior Japanese Patent Applications No. 2007-
301017 filed on Nov. 20, 2007, No. 2007-301018 filed on
Nov. 20, 2007, No. 2007-306904 filed on Nov. 28, 2007, No.
2007-306905 filed on Nov. 28, 2007, and No. 2007-314903
filed on Dec. 5, 2007. The entire contents of the >698 and *972
applications, as well as the foregoing Japanese patent appli-
cations, are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an imaging device and a
control method for an imaging device, and in more detail
relates to an imaging device capable of imaging a subject
while carrying out bulb exposure or long time exposure etc.,
and to a control method for an imaging device.

2. Description of the Related Art

Generally, in the case of imaging a subject such as a starry
ski, fireworks or a night scene, the bulb exposure setting is
often used. However, with bulb exposure appropriate expo-
sure time (time from opening the shutter to closing the shut-
ter) varies depending on the photographed image and ambient
conditions, and it was necessary for the photographer to
determine exposure time on their own without looking at a
completed image. Therefore, if that determination was
wrong, there was a problem of over or under exposure.

At the time of bulb exposure therefore, if a photographed
image can be observed according to exposure, it will be
possible to observe exposure levels in real time, and deter-
mining exposure time will be simplified. For example, Unex-
amined Japanese patent application No. 2005-117395 (laid-
open Apr. 28, 2005) discloses am imaging device for
acquiring image signals from an image sensor at specified
time intervals (for example, Yioth of a second) during an
exposure operation, and displaying a sequentially summed
image on a liquid crystal monitor.

SUMMARY OF THE INVENTION

The present invention has as its object to provide an imag-
ing device with which a photographer can recognize that an
exposure operation is progressing, in a long time exposure
such as bulb exposure, and a control method for an imaging
device.

According to the present invention, there is provided an
imaging device, comprising: an imaging section, including an
image sensor for imaging a subject, for generating image data
based on output signals of the image sensor; a control section
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2

for causing repeated operation of the imaging section in
accordance with a single release operation; an adding pro-
cessing section for sequentially adding image data repeatedly
output from the imaging section and generating added mage
data; an image display section for displaying the added image
data, and a setting section for setting a repeat period for the
imaging section and instructing to the control section.

There is also provided an imaging device of the present
invention, comprising: an imaging section for repeatedly
forming an image of a subject at a set period, while perform-
ing a bulb exposure operation, and outputting image data; an
adding processing section for performing adding processing
of'the image data and previously output image data; an added
image storage section for respectively independently storing
a plurality of added images that have been added by the
adding processing section; and a display section for display-
ing, in a list, the plurality of added images that have been
stored in the added image storage section after completion of
the bulb exposure operation.

Further, a control method for an imaging device of the
present invention comprises: repeatedly forming an image of
a subject, generating image data based on the formed subject
image, sequentially adding image data, and repeatedly dis-
playing added image data.

Further, a control method for an imaging device of the
present invention comprises: repeatedly forming an image of
a subject, generating image data based on the formed subject
image, sequentially adding image data, successively storing
added image data, and performing list display of the stored
image data, after exposure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an external perspective drawing looking at a
digital single lens reflex camera of a first embodiment of the
present invention from a rear surface.

FIGS. 2A and 2B are block diagrams showing the overall
structure of electrical systems of a digital single lens reflex
camera relating to a first embodiment of the present invention.

FIG. 3 is a block diagram showing in abstract form the
structure relating to image forming and display in bulb mode
etc., in a digital single lens reflex camera of the first embodi-
ment of the present invention.

FIG. 4 is a flowchart showing a power on reset operation of
the first embodiment of the present invention.

FIG. 5 is a flowchart showing a cycle time input operation
of the first embodiment of the present invention.

FIG. 6 is a flowchart showing a shooting operation of the
first embodiment of the present invention.

FIG. 7 is a flowchart showing an exposure operation of the
first embodiment of the present invention.

FIG. 8 shows respective regions of an image sensor of a
digital single lens reflex camera relating to a first embodiment
of the present invention.

FIG. 9 is a graph showing a relationship between tempera-
ture, relating to dark current, and integration level in an image
sensor of a digital single lens reflex camera of the first
embodiment of the present invention.

FIG. 10 shows exposure information display of a digital
single lens reflex camera relating to a first embodiment of the
present invention.

FIG. 11 shows update display for a digital single lens reflex
camera of the first embodiment of the invention, with FIG.
11(a) to FIG. 11(e) showing display of respectively different
cycle times.
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FIG. 12 shows display of bulb mode exposure time for the
first embodiment of the invention, with FIG. 12(a) to FIG.
12(g) showing change with lapse of cycle time.

FIG. 13 is a flowchart showing a power-on reset operation
of a second embodiment of the present invention.

FIG. 14 is a flowchart showing an exposure operation of the
second embodiment of the present invention.

FIG. 15 is a flowchart showing resetting of cycle time in a
second embodiment of the present invention.

FIGS. 16 A and 16B are block diagrams showing the over-
all structure of electrical systems of a digital single lens reflex
camera relating to a third embodiment of the present inven-
tion.

FIG. 17 is a block diagram showing in abstract form the
structure relating to image forming and display in bulb mode
etc., in a digital single lens reflex camera of the third embodi-
ment of the present invention.

FIG. 18 is a flowchart showing a cycle time input operation
of the third embodiment of the present invention.

FIG. 19 is a flowchart showing an exposure operation of the
third embodiment of the present invention.

FIG. 20 shows display of bulb mode exposure time for the
third embodiment of the invention, with FIG. 20(a) to FIG.
20(g) showing change with lapse of cycle time.

FIG. 21 is a flowchart showing an exposure operation of a
fourth embodiment of the present invention.

FIG. 22 shows display of bulb mode exposure time for the
fourth embodiment of the invention, with FIG. 22(a) to FIG.
22(g) showing change with lapse of cycle time.

FIG. 23 is an external perspective drawing looking at a
digital single lens reflex camera of a fifth embodiment of the
present invention from a rear surface.

FIGS. 24 A and 24B are block diagrams showing the over-
all structure of electrical systems of a digital single lens reflex
camera relating to the fifth embodiment of the present inven-
tion.

FIG. 25 is a block diagram showing in abstract form the
structure relating to image forming and display in bulb mode
etc., in a digital single lens reflex camera of the fifth embodi-
ment of the present invention.

FIG. 26 is a flowchart showing an exposure operation of a
fifth embodiment of the present invention.

FIG. 27 shows display of bulb mode exposure time for the
fifth embodiment of the invention, with FIG. 27(a) to FIG.
27(g) showing change with lapse of cycle time.

FIG. 28 is a flowchart showing an exposure operation of a
sixth embodiment of the present invention.

FIG. 29 is a flowchart showing an exposure operation of a
seventh embodiment of the present invention.

FIG. 30 is a flowchart showing an exposure operation of an
eighth embodiment of the present invention.

FIG. 31 is a flowchart showing an exposure operation of the
eighth embodiment of the present invention.

FIGS. 32A and 32B are block diagrams showing the over-
all structure of electrical systems of a digital single lens reflex
camera relating to a ninth embodiment of the present inven-
tion.

FIG. 33 is a block diagram showing in abstract form the
structure relating to image forming and display in bulb mode
etc., in a digital single lens reflex camera of the ninth embodi-
ment of the present invention.

FIG. 34 is a flowchart showing an exposure operation of the
ninth embodiment of the present invention.

FIG. 35 shows display of bulb mode exposure time for the
ninth embodiment of the invention, with FIG. 35(a) to FIG.
35(g) showing change with lapse of cycle time.
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FIG. 36 is a block diagram showing in abstract form the
structure relating to image forming and display in bulb mode
etc., in a digital single lens reflex camera of a tenth embodi-
ment of the present invention.

FIG. 37 is a flowchart showing a shooting operation of the
tenth embodiment of the present invention.

FIG. 38 is a flowchart showing an exposure operation of the
tenth embodiment of the present invention.

FIG. 39 shows display of bulb mode exposure time for the
tenth embodiment of the invention, with FIG. 39(a) to FIG.
39(g) showing change with lapse of cycle time.

FIG. 40A and FIG. 40B show list display of all added
images at the time of completion of bulb mode exposure with
the tenth embodiment of the present invention, with FIG. 10A
being a list display immediately after exposure completion,
and FIG. 40B being list display for a selected time.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, preferred embodiments using a digital
single lens reflex adopting the present invention will be
described using the drawings. FIG. 1 is an external perspec-
tive drawing of a digital single lens reflex camera relating to
a first embodiment of the present invention seen from a rear
surface.

This digital single lens reflex camera comprises a camera
body 200 and an interchangeable lens 100. A release button
21, exposure mode dial 22, information setting dial 24, and
strobe 50 etc. are arranged on the upper surface of the camera
body 200. The release button 21 has a first release switch that
turns on if the photographer presses the button down halfway,
and a second release switch that is turned on when the button
is pressed down fully.

By turning this first release switch (hereafter called 1R) on,
the camera carries out exposure preparation operations such
as focal point detection, focusing of the photographing lens,
and metering for the subject brightness, and as a result of
turning the second switch (hereafter called 2R ) on, the camera
executes a shooting operation to acquire image data for a
subject image based on output of the image sensor 221 (refer
to FIGS. 2A and 2B).

The exposure mode dial 22 is an operation member con-
structed capable of rotation, and by aligning a pictorial dis-
play or symbol representing an exposure mode provided on
the exposure mode dial 22 with an index, it is possible to
select respective exposure modes, such as program exposure
mode (P), aperture priority exposure mode (A), shutter speed
priority exposure mode (S), manual exposure mode (M), and
bulb mode (B).

An information setting dial 24 is an operation member
constructed capable of rotation, and it is possible to select
desired setting values and modes etc. in an information dis-
play screen or the like by rotational operation of the informa-
tion setting dial 24. If shutter speed priority exposure mode or
manual exposure mode are selected using the exposure mode
dial 22, it is possible to set a shutter speed using the informa-
tion setting dial 24, and it is also possible to set to a long time
0130 seconds or more. It is also possible to carry out setting
of'a cycle time for image display during exposure at the time
of' bulb exposure or long exposure time.

The strobe 50 is a pop-up type supplemental lighting unit,
and by operating an operating button, not shown, the strobe
50 pops up and is capable of irradiating light to a subject.

A rear surface liquid crystal monitor 26, continuous/single
shot button 22, AE lock button 28, a cross-shaped button for
up 30U, a cross-shaped button for down 30D, a cross-shaped
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button for right 30R, a cross-shaped button for left 30L, (if
these buttons 30U, 30D, 30R and 30L are referred to collec-
tively, it will be called a cross-shaped button 30), an OK
button 31, a live view display button 33, an enlarge button 34,
amenu button 37 and a playback button 38 are arranged on the
rear surface of the camera body 200.

The rear surface liquid crystal monitor 26 is a display unit
for carrying out live view display, playback display of a
subject images that have already been taken, and display of
exposure information and menus. Also, at the time of bulb
exposure or long time exposure etc. image display is carried
out during the exposure operation based on image signals
acquired by the image sensor 221. The monitor is not limited
to a liquid crystal display as long as it is possible to perform
these display operation.

The continuous/single shot button 27 is an operation mem-
ber switching between continuous shooting mode where pic-
tures are taken continuously while the release button 21 is
fully pressed down, and, single shot mode where a single
picture is taken if the release button 21 is pressed down fully.
The AE lock button 28 is an operation member for fixing a
metered value. After brightness of an exposed image has been
metered, if this AE lock button 28 is operated the metered
value is maintained even if the composition is changed, and it
is possible to take a picture without altering the exposure
level.

The cross-shaped button 30 is an operation member for
instructing movement of a cursor in two dimensional direc-
tions, the X direction and Y direction, on the rear surface
liquid crystal display monitor 26, and is also used in selection
commands for a subject image, when performing playback
display of subject images that have been stored in the storage
medium 277 etc. Besides providing four buttons for up, down,
left and right, it is also possible to replace with an operating
member capable of operation in two dimensional directions,
such as a touch switch.

The OK button 31 is an operation member for confirming
various items selected by the cross-shaped button 30 and the
control dial 24 etc.

The live view display button 33 is an operating button for
switching to live view display from a display screen for infor-
mation display etch, or switching from live view display to a
display screen for information display etc. Live view display
is amode that displays a subject image for viewing on the rear
surface liquid crystal monitor 26 based on output of the image
sensor 221 for subject image storage, and information display
is a mode for displaying exposure information of the digital
single lens reflex camera on the rear surface liquid crystal
monitor 26 for display setting.

The enlargement button 34 is an operation member for
enlarging display of part of a subject image on the rear surface
liquid crystal monitor 26, and it is possible to change the
enlargement position by operation of the above-described
cross-shaped button 30.

The menu button 37 is an operation member for switching
to menu mode in order to set various modes of this digital
single lens reflex camera, and if menu mode is selected by
operation of this button 37 a menu screen is displayed on the
rear surface liquid crystal monitor 26. The menu screen is
comprised of a multiple hierarchical structure, and various
items are selected using the cross-shaped button 30 and selec-
tion is determined by operating the OK button 31.

The playback button 38 is an operation button for instruct-
ing display of subject images, that have been stored after
being taken, on the rear surface liquid crystal monitor 26.
Image data of subjects stored in a compressed mode such as
JPEG, for example, in SDRAM (Synchronous Dynamic Ran-
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dom Access Memory) 267 and a storage medium 277, that
will be described later, is expanded and displayed.

A storage medium housing cover 40 is attached to the side
surface of the camera body 200. If this storage medium cover
40 is opened, a slot for fitting the storage medium 277 is
provided inside, and the storage medium 277 can be loaded
into or removed from the camera body 200.

Next, the overall structure principally involved in the elec-
trical systems of the digital single lens reflex camera will be
described using FIGS. 2A and 2B. With this embodiment, the
interchangeable lens 100 and the camera body 200 are con-
structed as separate bodies, electrically connected by means
of a communication contact 300, but it is also possible to
integrally construct the interchangeable lens 100 and the
camera body 200. A circuit block for the built-in strobe 50 is
omitted from FIGS. 2A and 2B.

A photographing optical system 101 for focusing and focal
length adjustment, and an aperture 103 for adjusting aperture,
are arranged inside the interchangeable lens 100. The photo-
graphing optical system lens 101 is driven by a lens drive
mechanism 107, while the aperture 103 is driven by the aper-
ture drive mechanism 109.

The lens drive mechanism 107, and the aperture drive
mechanism 109 are respectively connected to alens CPU 111,
and this lens CPU 111 is connected to a communication
circuit 273 of the camera body 200 by means of the commu-
nication contact 300. The lens CPU 111 performs control
inside of the interchangeable lens 100, controls the lens drive
mechanism 107 to perform focusing and zoom operations,
and controls an aperture value by controlling the aperture
drive mechanism 109.

Also, the lens CPU 111 transmits lens specific information
such as maximum aperture value and focal length information
of the interchangeable lens 100, and focal length and focus
position information detected by the optical system positional
detection mechanism (not shown in the drawing) to the cam-
era body 200.

Inside the camera body 200, a rotatable moving mirror 201
is provided moving between a position inclined by 45 degrees
with respect to the lens optical axis for reflecting a subject
image to a viewfinder optical system (lowered position, sub-
ject image viewing position), and a raised up position for
guiding the subject image to the image sensor 221 (raised
position, retracted position).

A focusing screen 205 for image forming the subject image
is arranged above the movable mirror 201, and a pentaprism
207 for lateral inversion of the subject image is arranged
above this focusing screen 205.

An ocular lens (not shown) for viewing the subject image is
arranged at an outgoing side of this pentaprism 207 (the right
side in FIGS. 2A and 2B), and a photosensor 211 is arranged
next to the ocular lens at a position that does not obstruct
viewing of the subject image. This photosensor 211 is con-
nected to a photometry processing circuit 241, and output of
the photosensor 211 is subjected to processing such as ampli-
fication processing and analog-digital conversion by this pho-
tometry processing circuit 241.

A half mirror is constructed close to the middle of the
movable mirror 201, and a sub-mirror 203 for reflecting the
subject image that has passed through the half mirror to a
lower section of the camera body 200 is provided on a rear
surface of the movable mirror 201.

This sub mirror 203 is capable of rotation with respect to
the movable mirror 201, and when the movable mirror 201 is
raised up (position shown by dotted lines in FIGS. 2A and 2B)
the sub mirror 203 rotates to a position covering the half
mirror part, while when the movable mirror 201 is in a subject
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image viewing position (lowered position) the sub-mirror 203
is ata position opened with respect to the movable mirror 201,
as shown in the drawing.

This movable mirror 201 is driven by a movable mirror
drive mechanism 239. Also, a focal point detection sensor 243
is arranged below the sub-mirror 203, and output of this focal
point detection sensor 243 is connected to a focal point detec-
tion processing circuit 245. The focal point detection sensor
243 measure defocus amount for a subject image formed
using the photographing optical system 101, and is con-
structed of a well-known phase difference AF optical system
for separating peripheral light of the photographing optical
system 101 into two luminous fluxes, and a pair of sensors.

A focal plane type shutter 213 for exposure time control is
arranged behind the movable mirror 201, and drive control for
this shutter 213 is performed by a shutter drive mechanism
237. An image sensor 221 is arranged behind the shutter 213,
and a subject image formed by the photographing optical
system 101 is photoelectrically converted into electrical sig-
nals. It goes without saying that it is possible to use CCD
(Charge Coupled Devices), or a two-dimensional fixed imag-
ing element such as CMOS (Complementary Metal Oxide
Semiconductor) as the image sensor 211.

Aninfrared cut filter/low pass filter 217, which is an optical
filter for removing an infrared component and a high fre-
quency component from subject light flux, is arranged
between the shutter 213 and the image sensor 221. A tem-
perature measurement circuit 231 is also arranged close to the
image sensor 221. This temperature measurement circuit 231
measures ambient temperature close to the image sensor 221
using temperature dependence of forward current of a diode,
and outputs a temperature signal according to the ambient
temperature.

The image sensor 221 is connected to an image sensor
drive circuit 223, and readout of image signals from the image
sensor 221 etc. is performed by this image sensor drive circuit
223. The image sensor drive circuit 223 is connected to an
ADC (analogue to Digital Converter) 225 for carrying out
analogue to digital conversion of an image signal.

Output of the ADC 225 is connected to a dark current
elimination circuit 227. The dark current elimination circuit
227 is a circuit for removing dark current generated by the
image sensor 221, and corrects image data that represents a
subject using dark current generated in a shielded region of a
peripheral section of the image sensor 221.

The dark current elimination circuit 227 is connected to
data bus 252 inside an ASIC (Application Specific Integrated
Circuit) 250. A sequence controller (hereafter referredto as a
body CPU) 251, image processing circuit 257, compression
and expansion circuit 259, video signal output circuit 261,
SDRAM control circuit 265, input/output circuit 271, com-
munication circuit 273, storage medium control circuit 275,
flash memory control circuit 279 and switch sensing circuit
283 are connected to this data bus 252.

The body CPU 251 that is connected to the data bus 252
controls operation of this digital single lens reflex camera.
The image processing circuit 257 is connected to the data bus
252 and carries out various image processing such as digital
amplification of digital image data (digital gain adjustment
processing), color correction, gamma (y) correction, contrast
correction and image generation for live view display etc.

Also, the compression and expansion circuit 259 is a circuit
for compressing image data stored in the SDRAM 267 using
acompression system such as JPEG, TIFF etc. and expanding
compressed image data. The image compression is not lim-
ited to JPEG and TIFF, and it is also possible to apply other
compression systems.
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The video signal output circuit 261 is connected to the rear
surface liquid crystal monitor 26 via a liquid crystal monitor
drive circuit 263. The video signal output section 261 con-
verts image data stored in the SDRAM 267 or the storage
medium 277 into video signals for display on the rear surface
liquid crystal monitor 26. The rear surface liquid crystal
monitor 26 is arranged on the rear surface of the camera body
200 as shown in FIG. 1, but as long as it is in a position that can
be seen by the photographer it is not limited to the rear
surface, and also is not limited to liquid crystal and can be
another display device.

The SDRAM 267 is connected via the SDRAM control
circuit 265 to the data bus 252, and this SDRAM 267 acts as
a buffer memory for temporarily storing image data that has
been subjected to image processing by the image processing
circuit 257 or image data that has been compressed by the
compression and expansion circuit 259.

The input/output circuit 271 connected to the above
described image sensor drive circuit 223, temperature mea-
surement circuit 231, shutter drive mechanism 237, movable
mirror drive mechanism 239, photometry processing circuit
241, and focal point detection processing circuit 245 controls
input and output of data to various circuits, such as the body
CPU 251 via the data bus 252.

The communication circuit 273 that is connected to the
lens CPU 111 via the communication contact 300 is also
connected to the data bus 252, and carries out data exchange
with the body CPU 251 etc. and communication for control
commands. The storage medium control circuit 275 con-
nected to the data bus 252 is connected to the storage medium
277, and performs control of storing image data etc. to this
storage medium 277 and reading out of image data etc.

The storage medium 277 is constructed so that any rewrit-
able storage medium, such as xD picture card, (registered
trademark), Compact Flash (registered trademark), SD
memory Card (registered trademark) or memory stick (regis-
tered trademark) can be fitted, and is removably inserted into
the camera body 200. Besides, it is also possible to have a
configuration where it is possible to connect to a hard disc via
a communication connection point.

The flash memory control circuit 279 is connected to a flash
memory 281, and this flash memory 281 stores programs for
controlling operation of the digital single lens reflex camera,
and the body CPU 251 performs control of the digital single
lens reflex camera in accordance with the programs stored in
the flash memory 281. Incidentally, the flash memory 281 is
an electrically rewritable non-volatile memory.

Various switches 285, including a 1R switch for detecting
a first stroke (half press) of the release button 21 and a 2R
switch for detecting a second stroke (full press) of the release
button 21, a power switch, a menu switch linked to the menu
button 37, a dial switch linked to the exposure mode dial 22,
a dial switch linked to the information setting dial 24, and
various switches liked to other operating members, is con-
nected to the data bus 252 via a switch detection circuit 283.

Next, the structure relating to image display during expo-
sure, in bulb exposure etc., will be described using FIG. 3.
The control section 297 is constructed of a body CPU 251 for
controlling the overall digital single lens reflex camera. When
using bulb exposure mode, the setting section 298 automati-
cally sets a cycle time for display in order to confirm progress
of the exposure (exposure level) based on manual operation
using the information setting dial 24 or exposure information
etc.

The imaging section 291 includes the image sensor 221,
image sensor drive circuit 223, ADC circuit 225 and dark
current elimination circuit 227, and outputs image data based
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on image signals. Output of the imaging section 291 is con-
nected to the adding processing section 294.

The adding processing section 294 performs adding pro-
cessing of images acquired every predetermined time during
bulb exposure or long time exposure, and generates added
mage data. A temporary storage section 293 is constructed
using a temporary storage device such as SDRAM 267, and
temporarily stores image data that has been added in the
adding processing section 294, supplies already stored added
image data in accordance with control commands from the
control section 297 to the adding processing section 294, and
once more stores newly added image data.

The adding processing section 294 is constructed using a
body CPU 251 and an image processing circuit 257 etc., and
in accordance with control commands from the control sec-
tion 297 carries out processing to add added image data that is
already stored in the temporary storage section 293 with
newest image data.

An added image storage section 295 is constructed using a
storage medium such as the previously described storage
medium 277, and reads out the most recent added image data
that has been added in the adding processing section 294 in
accordance with control commands from the control section
297, and stores this data.

The image display section 296 is made up of a rear surface
liquid crystal monitor 26 and a liquid crystal monitor drive
circuit 263 etc., and, every time added image data that has
been added by the adding processing section 294 is updated
and stored in the temporary storage section 293, reads out the
data from the temporary storage section 293 in accordance
with control commands from the control section 297 to dis-
play the added image data.

With this type of structure, first an operator sets a cycle time
by operating the setting section 298. The control section 297
performs control so that image data that has been acquired by
the imaging section 291 is sequentially added by the adding
processing section 294 every set cycle time, and this added
image is displayed on the image display section 296.

As shown in FIG. 12, this added image is a gradual cumu-
lative addition of image data, and initially is a dark image, as
shown in FIG. 12(a), but if the image gradually changes to a
brighter image, images are repeatedly cumulatively added a
number of times and it will become an image that seems over
exposed, as shown in FIG. 12(g).

Next, detailed operation of the digital single lens reflex
camera of a first embodiment of the present invention will be
described using the flowcharts shown in FIG. 4 to FIG. 7.

FIG. 4 shows a power on reset operation performed by the
body CPU 251 at the camera body 200 side. If a battery is
fitted into the camera body 200, this flow of operations starts,
and it is determined whether or not the power switch of the
camera body 200 is on (#1).

When the result of determination is that the power switch is
off; a sleep state, which is a low power consumption state, is
entered (#3). In this sleep state, interrupt processing is carried
out only when the power switch is turned on, and processing
for power switch on is carried out in steps #5 and after. Until
the power switch is turned on, operations other than power
switch interrupt processing are suspended, and consumption
of'the power supply battery is prevented. In the event that the
power switch was on in step #1, or the sleep state of step #3 is
left, supply of power commences (#5).

Next, if there is information such as exposure mode set by
the exposure mode dial 22, ISO speed set by the information
setting dial 24, or shutter speed or aperture value set manu-
ally, reading in of these exposure conditions and lens infor-
mation is carried out (#7).
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Reading oflens information in step #7 is the reading of lens
specific information, such as maximum aperture of the inter-
changeable lens 100, and focal length information, from the
lens CPU 111 by means of the communication circuit 273. In
this step, in the event that bulb mode exposure has been set, or
a long time has been set as the shutter speed, these items of
information are read.

Itis next determined whether or not bulb mode has been set
(#9). From the fact that the exposure mode is read in step #7,
it is determined whether or not bulb mode has been set as the
read exposure mode.

If the result of determination in step #7 is that bulb mode
has not been set, metering and exposure value calculation is
carried out (#11). In this step, subject brightness is then mea-
sured by the photosensor 211, exposure amount is calculated,
and exposure control values such as shutter speed and aper-
ture value are calculated in accordance with exposure mode
and exposure conditions, using this exposure value.

If the result of determination in step #9 is that bulb mode
has been set, input of cycle time (cycle for repeatedly output-
ting image data) is carried out (#31). Input of this cycle time
will be described later using FIG. 5. If input of cycle time is
completed, processing advances to step #13. In the case of
bulb mode, since opening and closing of the shutter 213 is
carried out by user operation and is not related to metering,
the metering and exposure value calculation of step #11 are
not executed.

Next, the exposure information is displayed on the rear
surface liquid crystal monitor 26 (#13). As exposure informa-
tion, there are exposure mode and exposure conditions read in
step #7 and exposure control values for shutter speed and
aperture value calculated in #11. In the event that bulb mode
has been set as the exposure mode, then as shown in FIG. 10,
a bulb mode display 301 and cycle time display 302 are
displayed on the rear surface liquid crystal monitor 26
together with other exposure information.

If display of exposure information is carried out, it is next
determined whether or not a playback switch linked to the
playback button 38 is on (#17). Playback mode is a mode for
reading out image data stored in the storage medium 277 and
displaying them on the rear surface liquid crystal monitor 26,
when the playback button 38 has been operated. If the result
of determination is that the playback switch is on, a playback
operation is executed (#33).

If the result of determination in step #17 is that the play-
back switch is not on, it is determined whether or not the menu
switch that links to the menu button 37 is on (#19). In this step,
it is determined whether or not the menu button 37 has been
operated and the menu mode has been set. If the result of
determination is that the menu switch is on, menu display is
performed on the rear surface liquid crystal monitor 26, and a
menu setting operation is carried out (#35). Various setting
operations such as AF mode, white balance, ISO speed set-
ting, drive mode setting etc. can be carried out by the menu
setting operation.

If the determination result in step #19 is that the menu
switch is not on, it is next determined whether or not the
release button 21 has been pressed down halfway, that is,
whether or not the 1R switch is on. If the result of determi-
nation is that the 1R switch is on, a shooting operation sub-
routine is executed to carry out exposure preparation and
shooting (#37). This sub-routine will be described in detail
later using FIG. 6.

If the result of determination in step #21 is that the 1R
switch is not on, then similarly to step #1 it is determined
whether or not the power switch is on (#23). If the result of
determination is that the power switch is on, processing
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returns to step #7 and the operations described above are
repeated. On the other hand, if the power switch is not on,
supply of power is stopped (#25), and processing returns to
step #3 where the previously described sleep state is entered.

Next, the input operation for cycle time of step #31 will be
described using FIG. 5. If this subroutine is entered, ambient
temperature close to the image sensor 221 that has been
measured by the temperature measurement circuit 231 is first
detected (#41). If the ambient temperature is obtained, deter-
mination of an upper limit value for cycle time is carried out
based on this ambient temperature (#43).

As is shown conceptually in FIG. 8, photodiodes (pixels)
are arrayed in two dimensional directions on the image sensor
221. In FIG. 8, each square represents a pixel. A majority of
the pixels of the image sensor 221 are the effective pixel
region 311, with the right side constituting a horizontally
shielded pixel region 312 and the lower side constituting a
vertically shielded pixel region 313. Image data is generated
based on pixel signals output from pixels belonging to the
effective pixel region 311, while dark current data is gener-
ated based on pixel signals output from pixels belonging to
the horizontally shielded pixel region 312 and the vertically
shielded pixel region 313.

As shown in FIG. 9, this dark current has a temperature
dependent characteristic, and as the temperature close to the
image sensor 221 become hot, the dark current (integrated
value) also rapidly becomes large as time passes. Dark current
is superimposed on the pixel signals of the subject image
output from the image sensor 221 that have been photoelec-
trically converted, and if exposure time (integration time)
becomes long the dark current can no longer be ignored. Dark
current output from the horizontally shielded pixel region 312
and the vertically shielded pixel region 313 is also assumed to
be generated in the effective pixel region 311, and in the dark
current elimination circuit 227 dark current correction is car-
ried out by deducting dark current data from image data based
on the pixel signals.

The dark current quickly reaches saturation level as the
temperature becomes high. If the dark current reaches satu-
ration level, it will not be possible to correctly perform dark
current elimination. In this embodiment therefore, in the
event that an exposure operation is carried out over a long
time, such as bulb mode, pixel signals are read from the image
sensor 221 before the dark current reaches saturation level.
Specifically, taking into consideration the dark current char-
acteristic, the upper limit value for cycle time is controlled
based on ambient temperature measured by the temperature
measuring circuit 231 so that dark current does not saturate
(#43). Specifically, a table for ambient temperature and upper
limit value is stored, and determination is made by referring to
this table.

Next, in order to input cycle time, it is determined whether
or not the information setting dial 24 has been operated (#45).
If the result of determination is that the information setting
dial 24 has not been operated, the original routine is returned
to. On the other hand, if the information setting dial 24 has
been operated the switch detection circuit 283 detects direc-
tion of rotation of the dial (#47).

It is next determined whether or not the detection direction
of rotation is a direction that causes a reduction in cycle time
(#49). If the result of determination is that the rotation direc-
tion causes a reduction in cycle time, it is determined whether
or not the previous cycle time has reached a lower limit value
(#51). The lower limit value should be set appropriately, but
can be, for example, about 0.1 seconds. If the result of deter-
mination is that the lower limit value has not been reached, the

20

25

40

45

55

12

cycle time is successively shortened in predetermined steps
from the currently set state (#53).

As shown in FIG. 10, the cycle time is displayed as a cycle
time display 302 within exposure information on the rear
surface liquid crystal monitor 26. Every time there is a rota-
tion operation using the information setting dial 24 in a direc-
tion to shorten the cycle time, for example, if the currently set
state is an initial value of 30 second, there is a gradual reduc-
tion in predetermined steps from FIG. 11(¢) towards the lower
limit value of FIG. 11(a). The predetermined step should be
appropriately set taking into consideration ease of use. Once
cycle time shortening is finished, the original routine is
returned to.

Ifthe result of determination in step #49 is that the rotation
direction is not such as to reduce cycle time, then it is deter-
mined whether or not the previous cycle time has reached the
upper limit value determined in step #43 (#55). [f the result of
determination is that the upper limit value has not been
reached, the cycle time is successively extended in predeter-
mined steps (#57). Every time there is a rotation operation
using the information setting dial 24 in a direction to increase
the cycle time, there is a gradual increase, in predetermined
steps, from the current state towards the upper limit value of
FIG. 11(e). The cycle time intervals of FIG. 11(a) to (e) are
only one example, and can be appropriately changed.

Next, the shooting operation of step #37 will be described
using FIG. 6. This subroutine is started if the 1R switch is
turned on, and the first thing to happen is that exposure
information being displayed on the rear surface liquid crystal
monitor 26 is turned off (#61). Next, a phase difference AF
subroutine is executed (#63). In this subroutine, defocus
direction and defocus amount of the photographing system
101 are detected using well-known phase difference AF, drive
control for the optical system drive mechanism 107 is carried
out based on this defocus direction and defocus amount, and
focusing of the photographing optical system 101 is carried
out.

If phase difference AF is completed, then similarly to step
#9 it is determined whether or not bulb mode has been set
(#65). If the result of determination is that bulb mode has not
been set, metering and exposure value calculation are carried
out, and exposure control values such as shutter speed and
aperture value are obtained (#67).

On the other hand, if the result of determination in step #65
is that bulb mode has been set, step #67 is skipped and
processing advances to step #69. In the case of bulb mode, as
described previously, the time for opening and closing the
shutter 213 is determined by the photographer, and metering
and exposure value calculation are not required.

Next it is determined whether or not the shutter button 21
has been pressed down fully, that is, if the 2R switch is on
(#69). If the result of determination is that the 2R switch is not
on, it is then determined whether or not the 1R switch is on
(#87). If the result of determination is that the 1R switch is not
on, the shooting operation is terminated and the original
routine is returned to. On the other hand, if the result of
determination is that the 1R switch is on, step #69 is returned
to, and a standby state is entered where the states of the 1R
switch and the 2R switch are alternately detected.

If the result of determination in step #69 is that the 2R
switch is on, processing transfers to a step for performing
exposure. First a retraction operation for the movable mirror
201 (moving to the raised position) is carried out (#71). As a
result, subject light flux is guided to the image sensor 221 by
the photographing optical system 101. Next, a stopping down
operation is instructed to the lens CPU 111 and a stopping
down operation for the aperture 103 is carried out (#73).
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As a result, it is possible to prepare entry to the normal
exposure operation or the bulb exposure operation, and so an
exposure operation is started (#75). Exposure is the starting of
travel of the front curtain of the shutter 213, together with
charge accumulation of the image sensor 221. If a time cor-
responding to the shutter speed acquired in step #67 or a
shutter speed that was manually set by the photographer has
elapsed, or if bulb exposure completion has been instructed
by the photographer, travel of the rear curtain of the shutter
213 starts, and charge accumulation of the image sensor 221
is terminated.

At the time of this exposure operation, if bulb mode has
been set, then while the release button 21 is being pressed
down completely the shutter 213 is open, and at this time
image data is repeatedly acquired using the image sensor 221
at intervals of the cycle time, and an image is displayed on the
rear surface liquid crystal monitor 26 while being updated,
based on this image data. This exposure will be described in
detail later using FIG. 7.

If the exposure operation is completed, an instruction to
open up the aperture 103 is output to the CPU 111, and the
aperture 103 is opened up (#77). Then, the movable mirror
201 is restored to the lowered position (#79), and image
processing is carried out for a normal image that is read out
from the image sensor 221 and temporarily stored in the
SDRAM 267 or added image data (#81). Image data that has
been image processed is stored in the storage medium 277
(#83), and display of the image that was being displayed on
the rear surface liquid crystal monitor is stopped (#85). Once
image display 26 is stopped, the original routine is returned
to.

Next, the exposure operation of step #75 will be described
using FIG. 7. If this subroutine is entered, first, similarly to
step #9, it is determined whether or not bulb mode has been
set (#101). If the result of determination is that bulb mode has
not been set, normal exposure mode, such as program expo-
sure mode, is executed.

As the normal exposure mode, first a timer for exposure
time timing is started (#103), and together with opening of the
shutter 213 exposure to the image sensor 221 is commenced
(#105). That is, photoelectric conversion of a subject image
formed on the image sensor 221 is carried out, and accumu-
lation of signal charge is commenced.

If exposure is started, it is next determined whether or not
an exposure time (set time) corresponding to a shutter speed
calculated in step #67 or set manually has elapsed (#107). If
the result of determination is that the exposure time has
elapsed, imaging on the image sensor 221 is stopped together
with closing of the shutter 213 (#109).

Next, reading of image signals from the image sensor 221
is carried out (#111), and the read out image signals are
temporarily stored in the SDRAM 267 (#113). Display of an
exposed image is carried out on the rear surface liquid crystal
monitor 26 based on the temporarily stored image signals
(#115).

If'the result of determination in step #101 is that bulb mode
has been set, first of all data of the added image storage region
(not shown) allocated inside the temporary storage section
293 is cleared (#120), a timer for display cycle time timing is
started (#121), and similarly to step #105 imaging is com-
menced with the opening of the shutter 213 (#123). Next, itis
determined whether or not the timer for cycle time timing has
reached the cycle time set in step #31 (#125).

If the result of determination in step #125 is that the cycle
time has not elapsed, it is determined whether or not the full
pressing of the release button 21 has been released, that is,
whether or notthe 2R switch is off (#151). In the event that the
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2R switch is on and the cycle time has not elapsed, a standby
state is entered where the determinations at steps #125 and
#151 are alternately executed.

If the result of determination in step #125 is that the cycle
time has elapsed, image forming of the image sensor 221 is
stopped with the shutter 213 still open, and reading of image
signals is carried out (#127, #129). Image data resulting from
digitalization of the read image signals is temporarily held in
a newest image saving region inside the storage region of the
temporary storage section 293 (#131). This holding of the
data is temporary saving for the adding processing of read
image data that will be executed later.

Next, the timer for cycle time timing is restarted (¥133),
and imaging on the image sensor 221 is commenced (#135).
Following on, previously added image data stored in the
added image storage region of the temporary storage section
293, and the above described newest image data, are added by
the adding processing section 294. The result of adding pro-
cessing is again stored in the added image storage region of
the temporary storage section 293 (#137) and this stored
added image is displayed on the rear surface liquid crystal
monitor 26 (#139). If the added image is displayed, step #125
is returned to, and the previously described steps are
executed.

Ifthe photographer looking at the displayed image decides
that the exposure level has reached an intended level, and full
pressing of the release button 21 is released, that is, if the 2R
switch is turned off, in accordance with the determination of
step #151 processing advances from step #151 to step #153,
and a transfer is made to processing for completion of the
exposure operation.

That is, similarly to steps #109, #111 and #113, imaging
stops together with closing of the shutter 213, image date is
read out, and temporary holding of image data is carried out
(#153, #155, #157). Then, similarly to steps #137 to #139, an
added mage resulting from addition processing is acquired,
and this added image is displayed after being stored (#159,
#160, #161). Once the added image is displayed, the original
routine is returned to.

In this way, every time the cycle time set in step #31 elapses
(Y in step #125) imaging by the image sensor 221 is stopped,
image signals are read in, added to already added image data
stored in the temporary storage section and, as shown in FIG.
12, displayed on the rear surface liquid crystal monitor 26. At
the point in time when the cycle time initially elapses, since
cycle time is short a completely dark image results, and the
image is gradually made brighter by adding image data each
time the cycle time elapses. The photographer can determine
whether or not an intended brightness has been reached by
observing the rear surface liquid crystal monitor 26.

With this embodiment, if bulb mode has been set the imag-
ing operation is repeated at intervals of the cycle time during
the exposure operation, and image data is stored in the tem-
porary storage section 293 every time the imaging operation
is carried out, and an added image resulting from adding the
stored image data is displayed on the rear surface liquid
crystal monitor 26. This cycle time can be manually set using
the setting section 298, and can be appropriately changed. It
is therefore possible to carry out display updating at an effec-
tive timing according to the exposure conditions of the pho-
tographer’s intentions.

Also in this embodiment, the cycle time is controlled to a
set value so that an upper limit value and a lower limit value
are not exceeded. As a result, it is possible to prevent use that
exceeds the performance of the image sensor 221. Further, in
this embodiment, the upper limit of the cycle time is varied in
accordance with a dark current characteristic. This means that
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it is possible to carry out correction of image data in accor-
dance with the dark current, and it is possible to give an image
with less noise.

Next, a second embodiment of the present invention will be
described using FIG. 13 to FIG. 15. With the first embodi-
ment, the cycle time was manually set, but with the second
embodiment the cycle time is automatically changed accord-
ing to subject brightness. Also, imaging and image display are
also repeatedly executed at intervals of the cycle time for the
case of long time exposure.

The structure of the second embodiment is substantially
the same as the structure of the first embodiment shown in
FIG. 1 to FIG. 3, and the flowcharts shown in FIG. 4 to FIG.
7 are simply changed to the flowcharts shown in FIG. 13 to
FIG. 15, with description centering on points of difference.
The setting unit 298 of FIG. 3 is not manually set using the
information setting dial 24 in the second embodiment, but is
automatically set by the body CPU 251 etc.

FIG. 13 shows a power on reset operation performed by the
body CPU 251 at the camera body 200 side. This flowchart
has the same flow as the flowchart for power on reset shown
in FIG. 4, except that the subroutine for cycle time input of
step #31 is omitted, and so the same reference numerals will
be used for the same steps, and detailed description will be
omitted.

In the first embodiment, the cycle time input subroutine of
step #31 was executed in order to manually set cycle time, but
in the second embodiment the cycle time is automatically set
based on subject brightness etc. and so step #31 is omitted.
The shooting operation subroutine of step #37 is the same as
the flowchart of FIG. 6 for the first embodiment.

Next, an exposure operation of step #75 within the sub-
routine for the shooting operation of step #37 will be
described using FIG. 14. If this exposure operation subrou-
tine is entered, it is determined whether or not the exposure
mode is bulb mode (#101). If the result of determination is
that it is not bulb mode, it is then determined whether or not
it is a long time exposure (#102). Regarding whether or not it
is a long time exposure, a long time exposure is determined if
the shutter speed read in step #7 exceeds 30 second for
example.

If the result of determination is that it is not a long time
exposure, normal exposure is carried out. This normal expo-
sure operation is the same as from step #103 to step #115 of
FIG. 7, and the same steps have the same reference numerals,
with detailed description thereof being omitted.

If'the result of determination in step #101 is that bulb mode
has been set, 0.5 seconds, for example, is set as an initial value
for the cycle time (#118). Also, if the result of determination
in step #102 is that along exposure time has been set, the cycle
time is set according to the set shutter speed (#117). As setting
ofthe cycle time here, the cycle time is made %1ooth of the set
shutter speed, for example.

If setting of cycle time is carried out in step #117 or step
#118, then next the added image storage region of the tem-
porary storage section 293 is cleared (#120), a timer for cycle
time timing is started (#121), and imaging on the image
sensor 221 is commenced (#123).

It is then determined whether or not the time of the time for
cycle time timing has reached the set cycle time (#125). If the
result of determination is that the cycle time has not elapsed,
it is determined whether completion of bulb exposure has
been instructed (that is, whether full pressing of the release
button 21 has been released and the 2R switch turned off)
(#151).

If the result of determination in step #151 is that the 2R
switch is still on, it is determined whether the time set by the
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long time exposure has elapsed (#152). If the result of deter-
mination is that the set time has not elapsed, step #125 is
returned to. In this way, in the case where the 2R switch is still
on with both the cycle time and the set long time not elapsed,
a standby state is entered where the determinations of steps
#125, #151 and #152 are repeated.

If the result of determination in step #125 is that the cycle
time has elapsed, then similarly to from step #127 to #139 in
FIG. 7, image forming of the image sensor 221 is stopped
with the shutter 213 still open (#127), and reading of pixel
signals is carried out (#129).

Next, image data based on the read out pixel signals is
temporarily stored in the temporary storage section 293
(#131), and after the timer for cycle time timing is restarted
(#133) imaging is commenced (#135). Addition of tempo-
rarily stored image data and previously added image data is
then carried out (#137), and this added image is stored again
in the added image storage region of the temporary storage
section 293 (#138), and then displayed (#139).

In this way, every time it is determined in step #125 that the
cycle time has elapsed, similarly to the case of the first
embodiment, together with reading of pixel signals from the
image sensor 221, image data based on the image signals is
stored in a storage region of the temporary storage section
293, and an overall added image is generated and displayed.

If display of the added image is carried out, next, similarly
to step #102, it is determined whether or not there is a long
time exposure (#141). If the result of determination is that
there is a long time exposure, processing returns to step #125
and the operations described above are executed. On the other
hand, if there is not a long time exposure, that is, in the event
that bulb mode has been set, resetting of the cycle time is
carried out (#143).

Cycle time when bulb mode has been set is set at an initial
value in step #118, but this cycle time is subjected to auto-
matic adjustment in step #143 so that cycle time is shortened
when subject brightness is high, or extended when subject
brightness is low. A subroutine for resetting of this cycle time
will be described later using FIG. 15. Once resetting of cycle
time has been carried out step #125 is returned to.

If the result of determination in step #151 is that there is a
bulb exposure completion instruction, or if the result of deter-
mination in step #152 is that the set time has elapsed, pro-
cessing for completing the exposure operation is carried out
in steps #153 to #161. These steps are the same as FIG. 7, and
the same steps have the same reference numerals, with
detailed description thereof being omitted.

Next, a subroutine for resetting cycle time in step #143 will
be described using FIG. 15. If this subroutine for resetting
cycle time is entered, determination of brightness level is
carried out (#181). As the brightness level, an average bright-
ness of image data read out in step #129 is used. Generally, if
brightness of each pixel of image data has an 8-bit resolution,
the brightness level of each pixel is from O to 255. Average
brightness is an average of those brightness levels for each
pixel. Besides average brightness, it is also possible to appro-
priately use other metered calculations, such center-weighted
brightness.

Using the obtained brightness level, prediction of exposure
time is then carried out (#183) until correct exposure is
attained. Here, correct exposure assumes the case where aver-
age of brightness level of each pixel is, for example, about
140. Accordingly, if the current average brightness level and
the time taken to reach that brightness level are known, it is
possible to estimate the time taken to attain correct exposure.
If estimated time is obtained, calculation of cycle time is next
carried out (#185).
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As this calculation, for example, similarly to step #117, the
estimated time is divided by 100. Cycle time is update based
on the time obtained here (#187), and the original routine is
returned to. If the processing flow for the exposure operation
shown in FIG. 14 is returned to, in step #125 determination is
made using the re-set cycle time, and imaging and display are
carried out at this time interval.

In this way, in the second embodiment of the present inven-
tion, when in bulb mode it is possible to automatically re-set
the cycle time according to subject brightness. It is therefore
possible to carry out display updating at an effective timing
according to subject brightness. Also, with a long exposure
time, cycle time is automatically set according to the set time.
It is therefore possible to carry out display updating at an
effective timing according to the set time.

The set cycle time in steps #117 and step #120 are only
examples, and can be appropriately changed. Also, with
respect to the determination as to whether or not there is a
long time exposure in step #102, the determination value for
whether or not there is a long time can also be appropriately
changed. Further, regarding setting of the cycle time in step
#117, besides setting the cycle time simply by division, it is
also possible to adopt various methods, such as, for example,
dividing the long time into zones, and determining a set time
for each zone.

In the first and second embodiments of the present inven-
tion, in the case of exposure in bulb mode or over a long time,
the imaging section 291 is repeatedly operated at intervals of
the cycle time, image data repeatedly output from the imaging
section 291 is sequentially added, added image data is gen-
erated, and image display is carried out based on this added
image data. The cycle time is set either manually or automati-
cally. It is therefore possible to perform display update at an
effective timing, and it is possible for the photographer to
confirm the appearance of the shot as imaging progresses in
bulb mode or over a long time.

Next, a third embodiment of the present invention will be
described using FIGS. 16 A and 16B to FIG. 20. In the firstand
second embodiments, an added image was displayed from the
start. However, for a short while after commencing exposure
the screen will remain black and the photographer is unable to
confirm whether or not exposure is being carried out, and may
feel uneasy. With the third embodiment, in order to make it
possible for the photographer to confirm that the exposure is
in progress even in a period where the brightness level of a
subject image immediately after starting the exposure is low,
anotification display is carried out to show that bulb exposure
etc. is in progress.

The structure of the third embodiment is partially similarto
the structure of the first embodiment, and so parts of the
structure that are the same will have detailed description
omitted.

The external appearance of a digital single lens reflex cam-
era of the third embodiment of the present invention is the
same as in FIG. 1. Electrical circuits of this digital single lens
reflex camera are shown in FIGS. 16 A and 16B. Compared to
the electrical circuits of the first embodiment (refer to FIGS.
2A and 2B), the third embodiment differs only in that the
temperature measurement circuit 231 has been omitted. This
is because in this embodiment, the function of determining an
upper limit for cycle time according to surrounding tempera-
ture is omitted. In this embodiment also, it is obviously also
possible to determine an upper limit of cycle time according
to surrounding temperature, similarly to the first and second
embodiments.

FIG. 17 shows a structure relating to image display during
exposure, for bulb exposure. Compared to the first embodi-
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ment (refer to FIG. 3) there is a difference in that the setting
section 298 is omitted. Naturally, the setting section 298 is
also provided in the third embodiment, but as it is not impor-
tant it has been omitted from FIG. 17.

With this type of arrangement, the control section 297
performs control so that image data that has been acquired by
the imaging section 291 is sequentially added by the adding
processing section 294 every set cycle time, and this added
image is displayed on the image display section 296. Display
by the rear surface liquid crystal monitor 26 at the time of bulb
exposure involves first displaying notification information
320q at the time of starting bulb exposure (FIG. 20(a)), and
displaying only notification information 3205 within a speci-
fied period after that (FIG. 20(5)).

Also, image data is cumulatively added from the start of
exposure, and an added image for bulb exposure is displayed
once a specified brightness level has been reached, as shown
in FIG. 20(c). At the stage of FIG. 20(c) the exposure time is
insufficient and so the image is dark, but after that if the image
gradually changes to a brighter image and images are repeat-
edly cumulatively added a number of times, it will become an
image that appears over exposed, as shown in FIG. 20(g). The
notification information 320c¢ to 320g is also displayed in a
superimposed manner during display of the added images. If
this notification information 320¢ to 320g is also present
during execution of bulb exposure, the elapsed time for the
bulb exposure is displayed.

Next, detailed operation of the digital single lens reflex
camera of the third embodiment of the present invention will
be described using the flowcharts shown in FIG. 18 and FIG.
19. In the third embodiment also, if a battery is fitted, the
processing flow for power on reset is executed. The process-
ing flow for this power on reset is the same as in FIG. 4 for the
first embodiment, and so detailed description will be omitted.

Processing flow for the cycle time input of step #31 in the
processing flow of the power on reset (refer to FIG. 4) will be
described using FIG. 18. The processing flow for this cycle
time input differs from the processing flow of the cycle time
input of the first embodiment (refer to FIG. 5) only in that step
#41 (temperature detection) and step #43 (determination of
cycle time upper limit value) are omitted. As described above,
with this embodiment the temperature measurement circuit
231 is omitted, which means that steps #41 and #43 are
omitted from the processing flow for cycle time input.

With this embodiment, the determination as to whether or
not the cycle time has reached an upper limit at step #55 can
be appropriately set, but it is possible, for example, to make 9
minutes a length of time that will not be affected by dark
current. Apart from this, it is the same as the processing flow
(FIG. 5) for cycle time input of embodiment one, and so
detailed description will be omitted.

Next, the shooting operation of step #37 in the processing
flow of the power on reset (refer to FIG. 4) is the same as the
processing flow of the shooting operation in the first embodi-
ment (refer to FIG. 6) and so detailed description is omitted.

Next, the exposure operation of step #75 in the processing
flow for the shooting operation will be described using FIG.
19. In the description, steps carrying out the same processing
as the flow of FIG. 7 for the first embodiment have the same
step numbers attached, and detailed description thereof is
omitted.

If the exposure operation processing flow is entered, it is
first determined whether or not bulb mode has been set
(#101). If the result of this determination is that bulb mode has
not been set, normal exposure mode, such as program expo-
sure mode, is executed in steps #103 to #115. This normal
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exposure mode processing is the same as for the flow of FIG.
7, and so detailed description is omitted.

If'the result of determination in step #101 is that bulb mode
has been set, then first the added image storage region that has
been allocated inside the temporary storage section 293 is
cleared (#119), and the cycle time that was manually input in
step #31 is set (#120A). Next, a timer for display cycle time
timing is started (#121), and similarly to step #105, together
with opening of the shutter 213 imaging is commenced
(#123).

Display of notification information such as is shown in
FIG. 20(a) is then started (#124). That is, at the time bulb
exposure commences, the screen is jet black, and if there is no
display at all the photographer will be unsure as to whether or
not the exposure using bulb exposure has started. In this
embodiment therefore, by displaying the notification infor-
mation 320a it is possible for the photographer to recognize
that the exposure has started.

If the display of notification information has started, it is
first determined whether or not the timer for cycle time timing
has reached the cycle time set in step #120A (#125). If the
result of determination is that the cycle time has not elapsed,
it is determined whether or not the full pressing of the release
button 21 has been released, that is, whether or not the 2R
switch is off (#151). In the event that the 2R switch is on and
the cycle time has not elapsed, a standby state is entered
where the determinations at steps #125 and #151 are alter-
nately executed.

If the result of determination in step #125 is that the cycle
time has elapsed, then similarly to step #109 and step #111,
image forming of the image sensor 221 is stopped with the
shutter 213 still open, and reading of pixel signals is carried
out (#127, #129).

Next 1 is added to the update counter (#130A). The update
counter is reset at the same time as the timer is started in step
#121, and every time this step #130A is passed through 1 is
added. By multiplying a count value of this update counter by
the cycle time set in step #120A, it is possible to obtain a
cumulative time from when the exposure using bulb exposure
started.

Next, the timer for cycle time timing is restarted (¥131A),
and imaging on the image sensor 221 is commenced (#133A).

Next, added image data is read from a storage region that
was previously stored in the storage region of the temporary
storage section 293 and adding processing for this image data
and image data read out in step #129 is carried out (#135A).
Image data of the added image obtained here is stored in a
storage region of the temporary storage region 293 that is
used for added image storage (#¥137A).

If accumulation of added images is completed, determina-
tion of brightness level is then carried out (#139A). The
brightness level is determined based on image data read out in
step #129. In this embodiment, since pixel signals are digi-
talized at a resolution of 8-bits, it is possible for the charge
accumulation amount for each pixel to be expressed by a
number from 0-255. This charge accumulation amount cor-
responds to the subject brightness level corresponding to that
pixel, which means that if an average value for all pixels is
obtained a brightness level for image data is obtained.

Next, it is determined whether or not the brightness level
obtained in step #139A has reached a predetermined bright-
ness level (#141A). In this embodiment the specified bright-
ness level is made 20. The specified brightness level can
obviously be appropriately varied according to how the added
image display appears.

If the result of determination in step #141A is that the
predetermined brightness level has not been reached, the
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notification information 3205, as shown in FIG. 20(b) is
displayed (#147A). At this stage, the exposure amount from
bulb exposure is insufficient, and it can be considered that
even if the added image is displayed the screen will be unin-
telligible, and so, as shown in FIG. 20(b), the fact that bulb
exposure is in progress and an elapsed time from the start of
bulb exposure, are displayed.

This elapsed time is calculated based on a count value of
the update counter obtained in step #130A, and set cycle time.
If the display of notification information 3205 is carried out,
step #125 is returned to, and the previously described opera-
tions are executed. There is also no problem in providing a
counter for obtaining cumulative exposure time when using
bulb exposure, and displaying elapsed time based on this
counter.

If the result of determination in step #141A is that the
predetermined brightness level has been reached, an added
image that has been added in step #135A is displayed
(#143A). Specifically, by executing from step #125 to step
#147 A once or a plurality of times, the brightness level of the
added image improves. If the result of determination is that
the brightness level has reached the predetermined level, then
since the image from bulb exposure has reached a level at
which it can be displayed, an added image is displayed on the
rear surface liquid crystal monitor 26.

The notification information 320c¢ to 320g, as shown in
FIG. 20(c) to FIG. 20(g), is displayed superimposed on the
added image (#145A). The notification information 320c¢ to
320g here is display of the fact that there is a bulb exposure,
together with the elapsed time from commencement of the
bulb exposure. The added image and the notification infor-
mation continue to be displayed until the next cycle time has
elapsed. If display is carried out, step #125 is returned to, and
the previously described steps are executed.

If the result of determination in step #151 is that the full
pressing of the release button 21 has been released, that is, it
has been determined that the 2R switch has been turned off,
then similarly to step #127 imaging is stopped together with
closing of the shutter 213 (#153). Specifically, the exposure
operation is completed, and after that the original routine is
returned to.

Inthis way, imaging by the image sensor 221 is stopped and
image data output every time the cycle time that was set in
step #31 (#120A) elapses (Y at #125). Addition processing
for this image data and the previous added image being stored
in the storage region of the temporary storage section 293 is
carried out, and the result is stored in the storage region of the
temporary storage section 293. The added image stored in
each storage region is updated and displayed in the rear sur-
face liquid crystal monitor 26 every time the cycle time
elapses, as shown in FIG. 20. At the initial stages of exposure,
since exposure amount is small an added image is not dis-
played. After that, by cumulatively adding image data every
time the cycle time elapses, the image gradually becomes
brighter. If image brightness reaches a predetermined level,
an added image is displayed from then on.

Also, in this embodiment if bulb mode has been set, at the
time of starting an exposure using bulb exposure an image
acquired from the image sensor 221 is not displayed, and
instead notification information 320a, 3205 indicating that
bulb exposure is in progress is displayed. It is therefore pos-
sible for the photographer to easily recognize that the expo-
sure operation is progressing, even in a period where the
brightness level of the image after exposure has started is low.

Further, in this embodiment, the fact that the elapsed time
since the start of bulb exposure is displayed is extremely
useful.
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Next, a fourth embodiment of the present invention will be
described using FIG. 21 and FIG. 22. In the third embodi-
ment, if the added image reaches a predetermined brightness
level display of the added image is carried out, but with the
fourth embodiment only the notification display 321a is dis-
played until an initial cycle time elapsed, and if the initial
cycle time elapses and an image is read, the image is dis-
played.

The structure of the fourth embodiment is the same as that
of'the third embodiment, the flowcharts shown in FIG. 4, F1G.
6, and FIG. 18 are also the same, and the exposure informa-
tion display shown in FIG. 10 and the cycle time display
shown in FIG. 11 are also the same. The point of difference is
that the flowchart showing the exposure operation shown in
FIG. 19 is replaced with the flowchart in FIG. 21, and descrip-
tion will center on this difference. Each of the steps within the
flowchart shown in FI1G. 21 that are the same as the steps in the
flowchart shown in FIG. 19 have the same reference numerals
attached, and detailed description thereof is omitted.

If'the processing flow for the exposure operation is entered,
it is determined whether or not it is bulb mode (#101), and in
the event that bulb mode has not been set, then similarly to the
third embodiment shown in FIG. 19, a normal exposure
mode, such as program exposure mode, is carried out. On the
other hand, if bulb mode has been set, then similarly to the
third embodiment from step #119 to step #123 is executed.
Next, notification display for bulb exposure is carried out
(#124a). This notification display can be the same display as
in FIG. 20(a), but in this embodiment notification display
321a as shown in FIG. 22(a) is carried out.

If the notification display 321a for bulb exposure is carried
out, it is next determined whether or not the cycle time has
elapsed (#125). If the result of determination is that the cycle
time has not elapsed, then similarly to the third embodiment
a state is entered where the determinations at steps #125 and
#151 are alternately executed. On the other hand, if the cycle
time has elapsed, then similarly to the third embodiment from
step #127 to step #137A are executed.

After that, in the third embodiment determination of the
brightness level of the added image etc. was carried out, but
with this embodiment display of the added image is carried
out regardless of the brightness level (#143A). Specifically,
since the cycle time has elapsed and reading of an image from
the image sensor 221 is carried out, this read image is dis-
played immediately. The notification information 3216 and
320c¢ to 320g, as shown in FIG. 22(b) to FIG. 22(g), is then
displayed superimposed on the added image (#145A).

If the added image and the notification information 3215
and 320c¢ to 320g is displayed, step #125 is returned to, the
previously described operations are executed, and similarly
to the first embodiment the added image and the notification
displays 3215 and 321c to 320g are updated and displayed
every time the cycle time elapses.

Ifthe 2R switch is turned off, then as with the third embodi-
ment the shutter is closed, the imaging operation is stopped,
and the original routine is returned to.

In this way, with the fourth embodiment of the present
invention a predetermined period from start of the bulb expo-
sure displays that the bulb exposure is being executed. It is
therefore possible for the photographer to easily recognize
that the exposure is being carried out immediately after com-
mencement of bulb exposure. Also, if an image is read out
after the initial cycle time has elapsed, the acquired image is
immediately displayed, which means that it is possible to
confirm the exposure state using bulb exposure from the
initial stage.
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In the fourth embodiment, at the point in time where the
cycle time initially elapses, an image read from the image
sensor 221 is displayed, but it is also possible to have an
arrangement where an image is displayed at the point in time
where the cycle time elapses a second and subsequent time,
and only a notification display is displayed up to then.

With the third and fourth embodiments of the present
invention, a specified period from start of the bulb exposure
displays that the bulb exposure is being executed on the rear
surface liquid crystal monitor 26, which is a display section.
It is therefore possible for the photographer to easily recog-
nize that the exposure operation is progressing, even in a
period where the brightness level of the exposed image imme-
diately after exposure has started is low.

In the third and fourth embodiments, as notification infor-
mation there are display indicating bulb exposure and display
of the elapsed time from the start of bulb exposure, but it is
also possible to omit the elapsed time. Also, the characters
“bulb exposure” and “BULB” are displayed in order to indi-
cate that bulb exposure has commenced, but this is not limit-
ing and it is also possible to have another display such as a
symbol or an icon.

Also, with the third and fourth embodiments in the case
where the exposure operation is completed, if imaging is
stopped in step #153 (FIG. 19, FIG. 21) the original routine is
returned to. However, because the imaging section 291 accu-
mulates signal charge on the image sensor 221, it is also
possible, similarly to step #155 in FIG. 7 of the first embodi-
ment, to read these signals, generate an added image, and
display the added image.

Further, with the third and fourth embodiments, when bulb
mode has been set added images are generated, but it is also
possible to generate and display added images in the case
where long time exposure is carried out, for example, expo-
sure of a few seconds. This approach can also be similarly
adopted in other embodiments.

Still further, with the third and fourth embodiments, in step
#31 the cycle time is manually set, but this is not limiting and
itis also completely possible, similarly to the second embodi-
ment for example, to automatically set the cycle time accord-
ing to subject brightness, so as to either shorten the cycle time
if the brightness is high, or conversely to extend the cycle time
if the brightness is low.

Next, a fifth embodiment of the present invention will be
described using FIG. 23 to FIG. 27. In the first to fourth
embodiments, because added images etc. are displayed at the
time of a long time exposure such as bulb exposure, the rear
surface liquid crystal monitor 26 was in a display state during
long time exposure However, bulb exposure lasts over a com-
paratively long time, which means that the photographer must
watch the display screen the entire time. Also, a display
device for image display used with an imaging device such as
a camera has comparatively high power consumption, and so
if the display state is maintained during execution of bulb
exposure the power supply batteries will be used up in a short
time.

With this embodiment therefore, in connection with update
of'an added image, the display screen is only illuminated for
a predetermined time, and for a long time exposure such as
bulb exposure the photographer can observe without becom-
ing fatigued.

The structure of the fifth embodiment is partially similar to
the structure of the first and third embodiments, and so
detailed description of parts of the structure that are the same
will be omitted.

FIG. 23 is an external perspective drawing looking at a
digital single lens reflex camera of the fifth embodiment from



US 9,420,199 B2

23

a rear surface side. It is different from the digital single lens
reflex camera of'the first embodiment shown in FIG. 1 only in
that an LED (Light Emitting Diode) 41 for bulb display is
arranged.

Specifically, a bulb display LED (Light Emitting Diode) 41
is arranged close to the viewfinder eyepiece on the rear sur-
face of the camera body 200. This bulb display LED 41 is lit
up during execution of bulb exposure, and shows that bulb
exposure is in progress to the user. The remaining members
are the same as for the digital single lens reflex camera shown
in FIG. 1, and the same members have the same reference
numerals, with detailed description being omitted.

FIGS. 24 A and 24B are block diagrams showing electrical
circuits of the digital single lens reflex camera of the fifth
embodiment. Compared to the electrical circuits of the first
embodiment (refer to FIGS. 2A and 2B), the fifth embodi-
ment differs only in that the temperature measurement circuit
231 has been omitted, and the display LED 41 and a liquid
crystal monitor backlight 26a are added.

The omission of the temperature measurement circuit 231
is the same as in the third embodiment shown in FIGS. 16A
and 16B. Also, the display LED 41 connected to the data bus
252 is lit up in response to a light up command from the body
CPU 251, and turned off in response to a turn off command.

The liquid crystal monitor backlight 264 for illuminating
the rear surface liquid crystal monitor 26 is arranged at the
rear surface side of the rear surface liquid crystal monitor 26,
and is drive controlled by the liquid crystal monitor drive
circuit 263. The structure other than for the points of differ-
ence described above is the same as for the first embodiment
shown in FIGS. 2A and 2B, and so detailed description will be
omitted.

FIG. 25 shows a structure relating to image display during
exposure, for bulb exposure. Compared to the first embodi-
ment (refer to FIG. 3) there is a difference in that a display
illumination section 2964 and a notification section 299 are
provided.

Specifically, the display illumination section 2964 is com-
prised of the liquid crystal monitor backlight 26a and the
liquid crystal monitor drive circuit 263, and performs illumi-
nation of the image display section 296, so it is possible for
the photographer to easily observe the image display section
296 even in a dark place. The notification section 299 is
comprised of the display LED 41 etc., which is lit up during
bulb exposure to notify the photographer. The notification
section 299 is not limited to an LED, and can be another
display element such as a lamp.

With this type of arrangement, the control section 297
performs control so that image data that has been acquired by
the imaging section 291 is sequentially added by the adding
processing section 294 every set cycle time, and this added
image is displayed on the image display section 296. Display
onthe rear surface liquid crystal monitor 26 at the time of bulb
exposure is first displaying notification information 3304 on
the rear surface liquid crystal monitor 26 at the time of com-
mencement of bulb exposure (FIG. 27(a)), and the notifica-
tion section 299 lighting up.

Also, image data from the start of exposure is cumulatively
added, and an added image is displayed on the rear surface
liquid crystal monitor 26 every time the cycle time elapses, as
shown in FI1G. 27(5) to F1G. 27(g). At the stage of FIG. 27(b)
the exposure time is insufficient and so the image is dark, but
after that if the images are repeatedly cumulatively added a
number of times it gradually changes to a brighter image, it
will become an image that appears slightly over exposed, as
shown in FIG. 27(g).
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Further, at the time the cycle time elapses, the image dis-
play section 296 is illuminated by the display illumination
section 296a from the time of update for a predetermined
time, and it possible to easily view the added image displayed
on the rear surface liquid crystal monitor 26. If a predeter-
mined time elapses, illumination by the display illumination
section 296aq is turned off, and after that if the cycle time
elapses again illumination by the display section illumination
section 2964 is recommenced. In this way, it is possible for
the display illumination device 2964 to not always be on, and
to reduce power consumption. Also, during bulb exposure,
since the notification section 299 is always in a display state,
it is possible for the photographer to easily confirm that the
bulb exposure is being executed.

Next, detailed operation of the digital single lens reflex
camera of the fifth embodiment of the present invention will
be described using the flowchart shown in FIG. 26. In the fifth
embodiment also, if a battery is fitted, the processing flow for
power on reset is executed. The processing tlow for this power
on reset is the same as in FIG. 4 for the first embodiment, and
so0 detailed description will be omitted.

Also, cycle time input of step #31 in the processing flow of
the power on reset (refer to FIG. 4) is the same as the pro-
cessing flow of the cycle time input in the third embodiment
(referto FIG. 18) and so detailed description is omitted. Also,
the shooting operation of step #37 in the processing flow of
the power on reset (refer to FIG. 4) is the same as the pro-
cessing flow ofthe shooting operation in the first embodiment
(refer to FIG. 6) and so detailed description is omitted.

Next, the exposure operation of step #75 within the shoot-
ing operation processing flow (FIG. 6) will be described using
FIG. 26. In the description, steps carrying out the same pro-
cessing as the flow of FIG. 7 for the first embodiment have the
same step numbers attached, and detailed description thereof
is omitted.

If this processing flow is entered, first, similarly to step #9
(refer to FIG. 4), it is determined whether or not bulb mode
has been set (#101). If the result of determination is that bulb
mode has not been set, normal exposure mode, such as pro-
gram exposure mode, is executed. Processing in normal expo-
sure mode of step #103 to step #115 is similar to that of the
first embodiment shown in FIG. 7, and so detailed description
will be omitted.

If the image display of step #115 is carried out there is
display of an exposed image and the liquid crystal monitor
backlight 26a¢ is lit up, to illuminate the rear surface liquid
crystal monitor 26 (#116). If lighting up of the liquid crystal
monitor backlight 26« is carried out, the original routine is
returned to.

Ifthe result of determination in step #101 is that bulb mode
has been set, then the added image storage region that has
been allocated inside the temporary storage section 293 is
cleared (#118B), and the cycle time that was manually input
in step #31 is set (#119B). Next, a timer for display cycle time
timing is started (#120B), and similarly to step #105, together
with opening of the shutter 213 imaging is commenced
(#121B).

Next, the bulb display LED 41 is lit up, to display the fact
that the bulb exposure has commenced (#122B). This bulb
display LED 41 is always kept on during bulb exposure, until
it is turned off in step #173B, which will be described later.

Display of notification information 330a for bulb expo-
sure, such as is shown in FIG. 27(a) is then started (#123B).
That is, at the time bulb exposure commences, the screen is jet
black, and if there is no display at all the photographer will be
unsure as to whether or not the exposure using bulb exposure
has started. In this embodiment therefore, by displaying the
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notification information 330a it is possible for the photogra-
pher to recognize that the exposure has started. Next, the
liquid crystal monitor backlight 26a is lit up (#124B) to
illuminate the rear surface liquid crystal monitor 26, making
it possible for the photographer to easily view the added
image.

Ifthe backlight is litup, it is next determined whether or not
the timer for cycle time timing has reached the cycle time set
in step #119 (#125). If the result of determination is that the
cycle time has not elapsed, it is determined whether or not the
full pressing of the release button 21 has been released, that is,
whether or not the 2R switch is oft (#151).

If the result of determination in step #151 is that the 2R
switch is off, it is determined whether or not 10 seconds has
elapsed from commencement of lighting up the liquid crystal
monitor backlight 26a (#155B). In this embodiment, a time is
provided that starts a timing operation in synchronization
with lighting up of the liquid crystal monitor backlight 26a,
and in this step determination is made based on the time
measured by this timer.

If the result of determination in step #155B is that 10
second has not elapsed, then step #125 is returned to and a
standby state is entered where the determinations of step
#125, step #151 and step #155 are repeatedly carried out. On
the other hand, if the result of determination in step #155B is
that 10 second have elapsed, then it is determined whether or
not the cycle time that was set in step #119B is 30 seconds or
more (#157B). If the result of determination is less than 30
seconds, processing returns to step #125 and the operations
described above are executed.

On the other hand, if the result of determination in step
#1578 is that the set cycle time is 30 seconds or more, illu-
mination by the liquid crystal monitor backlight 264 is turned
off (#159B). In this embodiment, if the set cycle time is 30
seconds or more, then every time the added image is updated
the liquid crystal monitor backlight 264 is lit up for 10 sec-
onds, and the rear surface liquid crystal monitor 26 is illumi-
nated. Once 10 seconds elapses, the liquid crystal monitor
backlight 26q is turned off. Also, if the set cycle time is less
than 30 seconds, the liquid crystal monitor backlight 26a is
kept turned on.

In step #1578, determining whether or not to turn off the
backlight according to the set cycle time is because if the
length of time the backlight is on is made 10 seconds, in the
event that the set cycle time exceeds 10 seconds but is less
than 30 seconds the backlight will be repeatedly turned on and
off'in a short period of time, causing illumination flicker, and
making it difficult to view the screen of the rear surface liquid
crystal display monitor 26. The set time instep #157B (30
seconds) and the set time in step #155 (10 seconds) are only
illustrative examples, and they can be appropriately changed
taking into consideration reducing power supply consump-
tion and ease of viewing the display.

If the result of determination in step #125 is that the cycle
time has elapsed, then similarly to step #109 and step #111,
image forming of the image sensor 221 is stopped with the
shutter 213 still open, and reading of pixel signals is carried
out (#127, #129). Next, the timer for cycle time timing is
restarted (#130B), and imaging on the image sensor 221 is
commenced (#131B).

Next added image data is read from a storage region that
was previously stored in the storage region of the temporary
storage section 293, and adding processing for this image data
and image data read in step #129 is carried out (#133B).
Image data of the added image obtained here is stored in a
storage region of the temporary storage region 293 that is
used for added image storage (#135B).
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An added image that has been added in step #135B is then
displayed on the rear surface liquid crystal monitor 26
(#137B), the liquid crystal monitor backlight 264 is litup, and
the rear surface liquid crystal monitor 26 is illuminated
(#139B). If lighting up of the backlight is carried out, step
#125 is returned to, and the previously described operations
are executed By executing from step #125 to step #139B a
plurality of times, the brightness level of the added image
improves, as shown in FIG. 27 (b) to FIG. 27(g).

The photographer will release the full pressing of the
release button 21 when the added image displayed on the rear
surface liquid crystal monitor 26 reaches an appropriate level
or the level desired by the photographer. Specifically, if the
result of determination in step #151 is that it has been deter-
mined that the 2R switch has been turned off, then similarly to
step #127 imaging is stopped together with closing of the
shutter 213, and the exposure operation is completed
(#161B).

If imaging is stopped, next, similarly to step #129, reading
of image data from the image sensor 221 is carried out
((#163B), and similarly to step #133 the image read out this
time is added to the previous added image (#165B). After this,
similarly to step #135, the added image is temporarily held
(#167B) and the added image is displayed on the rear surface
liquid crystal monitor 26 (#169B).

In this embodiment, at the point in time where a finger is
taken away from the release button 21 and the bulb exposure
is completed, image signals accumulated in the image sensor
221 are read out, these image signals are added to the previous
added image, and that added image is displayed. If display of
the added image is carried out, the liquid crystal monitor
backlight 264 is turned on, and the rear surface liquid crystal
monitor 26 is illuminated (#171B), and the bulb display LED
41 is turned off upon completion of the bulb exposure
(#173B).

In this way, with this embodiment imaging by the image
sensor 221 is stopped and image data output every time the
cycle time that was set in step #119B elapses (Y at #125).
Addition processing for this image data and the previous
added image being stored in the storage region of the tempo-
rary storage section 293 is carried out, and the result is stored.
The added image stored in each storage region is updated and
displayed in the rear surface liquid crystal monitor 26 every
time the cycle time elapses, as shown in FIG. 27, and it is
possible to observe the exposure state for bulb exposure in
real time.

Also, with the fifth embodiment of the present invention, if
the cycle time elapses and the image is updated, the liquid
crystal monitor backlight 26« is turned on for a predeter-
mined time (10 seconds in this embodiment). The liquid
crystal monitor backlight 264 for the rear surface liquid crys-
tal monitor 26 is not always kept on during bulb exposure,
which means it is possible to reduce power consumption.
Further, lighting of the liquid crystal monitor backlight 264 is
at the image cycle time, which means that the photographer
can observe the image with interest.

Further, with the fifth embodiment of the present invention,
in the event that the set cycle time is less than a predetermined
time (30 seconds in this embodiment), lighting of the liquid
crystal monitor backlight 26a is carried out continuously.
Therefore, turning on and off of the backlight is not repeated
at short intervals and there is no visually annoying flicker.

Also with the fifth embodiment of the present invention,
the LED for bulb display is lit once the bulb exposure is
commenced, and once bulb exposure is completed the bulb
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display LED 41 is turned off. It is therefore possible to easily
confirm whether or not the bulb exposure is in progress,
which is extremely useful.

Next, a sixth embodiment of the present invention will be
described using FIG. 28. With the fifth embodiment of the
present invention, if the added image is updated, the liquid
crystal monitor backlight 26« is turned on for a predeter-
mined time (10 seconds), and if the predetermined time
elapses the liquid crystal monitor backlight 26« is turned off.
In the sixth embodiment, a backlight button is provided, and
the liquid crystal monitor backlight 26a is turned on if this
backlight button is operated.

The structure of the sixth embodiment is the same as that of
the fifth embodiment shown in FIG. 23 to FIG. 25, the flow-
charts shown in FIG. 4, FIG. 6, and FIG. 18 are also the same,
and bulb mode exposure time display shown in FIG. 27, the
exposure information display shown in FIG. 10 and the
update display shown in FIG. 11 are also the same. The point
of difference is that the flowchart showing the exposure
operation shown in FIG. 26 is replaced with the flowchart in
FIG. 28, and description will center on this difference. Each
of'the steps within the flowchart shown in FIG. 28 that are the
same as the steps in the flowchart shown in FIG. 26 have the
same reference numerals attached, and detailed description
thereof is omitted.

If'the processing flow for the exposure operation is entered,
it is determined whether or not it is bulb mode (#101), and in
the event that bulb mode has not been set, then similarly to the
fifth embodiment shown in FIG. 26, a normal exposure mode,
such as program exposure mode, is carried out. On the other
hand, if bulb mode has been set, then similarly to the fifth
embodiment from step #118B to step #124B are executed. At
this time, lighting up of the bulb display LED 41 and the
liquid crystal monitor backlight 264 is also the same as with
the fifth embodiment.

Ifthe backlight is litup, it is next determined whether or not
the cycle time has elapsed (#125). If the result of determina-
tion is that the cycle time has not elapsed, then similarly to the
fifth embodiment it is determined in step #151 whether or not
the 2R switch is off. If the result of determination is that the
2R switch is off] then similarly to the fifth embodiment steps
#161 and after are executed.

On the other hand, if the result of determination in #151 is
that the 2R switch is not off, it is determined whether or not
the backlight button is on (#152B). The backlight button can
be a dedicated button provided on the rear surface of the
camera body 200, but in this embodiment the OK button 31 is
also used for this function. Specifically, determination as to
whether or not the OK button 31 has been operated is carried
out. If the result of determination is that the backlight button
is on, the liquid crystal monitor backlight 264« is lit.

When the liquid crystal monitor backlight 26a is lit in step
#153B, the added image is not updated. After lighting the
backlight, if the image cycle time elapses within 10 seconds,
the added image is then also updated. In the event that the
backlight is lit, or the backlight button was not on in step
#152B, steps #155B and after are executed, as in the fifth
embodiment.

In this way, with the sixth embodiment, the backlight but-
ton is provided, and the liquid crystal monitor backlight 264
is turned on if this backlight button is operated. It is therefore
possible to illuminate the rear surface liquid crystal monitor
26 and easily confirm the added image by operating the back-
light button, even after initially lighting the liquid crystal
monitor backlight 26a and then turning it off when a prede-
termined time has elapsed.
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Next, a seventh embodiment of the present invention will
be described using FIG. 29. In the fifth embodiment and the
sixth embodiment, the added images are only updated at set
cycle time intervals, and between the cycle times it is not
possible to confirm the state of progress of the bulb exposure.
With the seventh embodiment, an update button is provided,
and if this update button is operated update of the image is
carried out together with lighting of the backlight.

The structure of the seventh embodiment is the same as that
of the fifth embodiment shown in FIG. 23 to FIG. 25, the
flowcharts shown in FIG. 4, FIG. 6, and FIG. 18 are also the
same, and bulb mode exposure time display shown in FIG. 27,
the exposure information display shown in FIG. 10 and the
update display shown in FIG. 11 are also the same. The point
of difference is that the flowchart showing the exposure
operation shown in FIG. 26 is replaced with the flowchart in
FIG. 29, and description will center on this difference. Each
of'the steps within the flowchart shown in FIG. 29 that are the
same as the steps in the flowchart shown in FIG. 26 have the
same reference numerals attached, and detailed description
thereof is omitted.

If the flowchart for the exposure operation is entered, then
similarly to the fifth embodiment it is determined in step #125
whether or not the cycle time has elapsed. If the result of
determination is that the cycle time has elapsed, then simi-
larly to the fifth embodiment step #127 and after are executed.

On the other hand, if the result of determination in #125 is
that the cycle time has not elapsed, it is determined whether or
not the 2R switch is off (#151). If the result of determination
is that the 2R switch is off, then similarly to the fifth embodi-
ment steps #161B and after are executed. On the other hand,
if the result of determination is that the 2R switch is not in off,
it is then determined whether or not the update button is on
(#154B).

The update button can be a dedicated button provided on
the rear surface of the camera body 200, but in this embodi-
ment the OK button 31 is also used for this function. Specifi-
cally, determination as to whether or not the OK button 31 has
been operated is carried out. If the result of determination is
that the update button is not on, then similarly to the first
embodiment steps #155B and after are executed.

On the other hand, if the result of determination in step
#1548 is that the update button is on, there is a jump to step
#127, and besides reading out image data similarly to the
cycle time elapsed time and generating added image data, in
step #137 an updated added image is displayed, and the liquid
crystal monitor backlight 26a is lit up (#139).

In this way, with the seventh embodiment of the present
invention, an update button is provided, and if this update
button is operated, by pseudo creating a state that is the same
as when the cycle time has elapsed, update ofthe added image
is carried out, and the liquid crystal monitor backlight 26a is
lit. Therefore, when the bulb exposure progresses, it is pos-
sible to confirm the state of progress of the bulb exposure atan
arbitrary timing other than the update timing of the image.

Next, an eight embodiment of the present invention will be
described using FIG. 30 and FIG. 31. With the first to seventh
embodiments, the cycle time for the added image could not be
changed during bulb exposure. With the eighth embodiment,
it is made possible to change this cycle time during an expo-
sure operation for bulb exposure.

The structure of the eighth embodiment is the same as that
of the fifth embodiment shown in FIG. 23 to FIG. 25, the
flowcharts shown in FIG. 4, FIG. 6, and FIG. 18 are also the
same, and bulb mode exposure time display shown in FIG. 27,
the exposure information display shown in FIG. 10 and the
update display shown in FIG. 11 are also the same. The point
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of difference is that the flowchart showing the exposure
operation shown in FIG. 26 is replaced with the flowcharts in
FIG. 30 and FIG. 31, and description will center on this
difference. Each of the steps within the flowcharts shown in
FIG. 30 and FIG. 31 that are the same as the steps in the
flowchart shown in FIG. 26 have the same reference numerals
attached, and detailed description thereof is omitted.

If the flowchart for the exposure operation is entered, then
similarly to the fifth embodiment it is determined in step #125
whether or not the cycle time has elapsed. If the result of
determination is that the cycle time has elapsed, then simi-
larly to the fifth embodiment step #127 and after are executed.

On the other hand, if the result of determination in #125 is
that the cycle time has not elapsed, it is determined whether or
not the 2R switch is off (#151). If the result of determination
is that the 2R switch is off, then similarly to the fifth embodi-
ment steps #161B and after are executed. On the other hand,
if the result of determination is that the 2R switch is not off, it
is then determined whether or not the information setting dial
24 has been operated (#181B).

If the result of determination in step #181B is that the
information setting dial 24 has not been operated, then simi-
larly to the fifth embodiment steps #155B and after are
executed. On the other hand, if the information setting dial 24
has been operated, the subroutine for cycle time input
described using FIG. 18 is executed (#183B). In this subrou-
tine for cycle time update, the operation state of the informa-
tion setting dial 24 is determined, and it is possible to change
the cycle time.

Ifcycle time input is completed, then exposure information
display is carried out (#185B) similarly to step #13 (FIG. 4).
The cycle time that was changed in step #183B is displayed.
Next, similarly to step #111B, a manually input cycle time is
set (#187B). If setting of cycle time is completed, there is a
jump to step #127, and following that determination as to
whether or not the cycle time has elapsed in step #125 is
carried out based on the cycle time that has been changed in
this step.

In this way, with the eighth embodiment of the present
invention, if the information setting dial 24 is operated during
execution of bulb exposure, the cycle time is changed in
accordance with the operation state of the information setting
dial 24, and after that the cycle time for added images is
changed based on the changed cycle time. Therefore, when
the bulb exposure progresses, if the cycle time is shortened or
lengthened it is possible to change the cycle time for images.

Also, as has been described, in the fifth to eighth embodi-
ments of the present invention, the display screen of the rear
surface liquid crystal monitor 26 is illuminated for only a
predetermined time in association with update of the image
display on the rear surface liquid crystal monitor 26. It is
therefore possible to limit consumption of the power supply
battery as much as possible.

In the fifth to eighth embodiments, the rear surface liquid
crystal monitor 26, as the display section, is illuminated by
the liquid crystal monitor backlight 26a, but as long as the
display illumination section performs illumination so that it is
possible to easily confirm display on the display section, it is
not limited to a backlight. The illumination section can be
appropriately selected according to the members used as the
display section.

Also, in the fifth to eighth embodiments, in order to indi-
cate the fact that bulb exposure has started, notification dis-
play for bulb exposure was displayed at the time of commenc-
ing bulb exposure, it is also possible to continue display
during execution of bulb exposure, and at this time it is
possible to display elapsed time after commencement of bulb
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exposure. Also, the characters “bulb exposure” and “BULB”
are displayed as the bulb exposure notification display, but
this is not limiting and it is also possible to have another
display such as a symbol or an icon.

Next, a ninth embodiment of the present invention will be
described using FIGS. 32A and 32B to FIG. 35. In the first to
eighth embodiments, update of added images was carried out
at cycle time intervals. However, bulb exposure etc. extends
over a comparatively long time, and there is no variation in a
display image until the image is updated, which means that
there is problem oflooking at the display image for that entire
time.

Therefore, in the ninth embodiment, notification is given to
the photographer at the time of image update using a sound
generating section or the like. In this way, it is possible for the
photographer to observe a display image without difficulty in
a long time exposure such as bulb exposure.

The structure of the ninth embodiment is partially similar
to the structure of the first and third embodiments, and so
detailed description of parts of the structure that are the same
will be omitted.

The external appearance of a digital single lens reflex cam-
era of the ninth embodiment of the present invention is the
same as in FIG. 1. Electrical circuits of this digital single lens
reflex camera are shown in FIGS. 32A and 32B. Compared to
the electrical circuits of the first embodiment (refer to FIGS.
2A and 2B), the ninth embodiment differs only in that the
temperature measurement circuit 231 has been omitted, a
buzzer 287 has been added, and a liquid crystal monitor
backlight 264 has been added.

The omission of the temperature measurement circuit 231
is the same as in the third embodiment shown in FIGS. 16A
and 16B. Also, the liquid crystal monitor backlight 26a is
arranged on the rear surface of the liquid crystal monitor 26,
and illumination of the rear surface liquid crystal monitor 26
is the same as for the fifth embodiment in FIGS. 24 A and 24B.

Also, the buzzer 287 connected to the data bus 252 is a
sound generating section described later, and performs noti-
fication display using sound when an image is updated at the
time of bulb exposure. The structure other than for the points
of difference described above is the same as for the first
embodiment shown in FIGS. 2A and 2B, and so detailed
description will be omitted.

FIG. 33 shows a structure relating to image display during
exposure, for bulb exposure. Compared to the first embodi-
ment (refer to FIG. 3) there is a difference in that the setting
section 298 is omitted, and the sound generating section 299a
is provided. Naturally, the setting section 298 can also be
provided in the ninth embodiment, but as it is not important it
has been omitted in FIG. 33.

Also, in the ninth embodiment the sound generating sec-
tion 2994 connected to the control section 297 is provided,
and this sound generating section 299a is constituted by a
buzzer 287. The sound generating section 2994 issues a noti-
fication to the photographer using a notification sound every
time the added image displayed on the image display section
296 is updated.

With this type of arrangement, display on the rear surface
liquid crystal monitor 26 at the time of bulb exposure is first
displaying notification information 321a at the time of com-
mencement of bulb exposure to notify that the bulb exposure
has commenced (FIG. 35(a)).

Ifthe initial cycle time has elapsed, image data is read from
the imaging section 291, and an added image (at the initial
stage, with the initially read image data directly) is displayed
on the rear surface liquid crystal monitor 26 as shown in FIG.
35(b) together with the notification information 3215 (with
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this example, cycle time is 30 seconds). Also, at the same time
a sound (for example a beep) is output from the sound gen-
erating section 299« to notify of update of the image.

After that, image data that has been acquired by the imag-
ing section 291 is sequentially added by the adding process-
ing section 294 every set cycle time, and this added image is
displayed on the image display section 296. As shown in FIG.
35(c) to FIG. 35(g), every time the added image is updated,
notification information 320c¢ to 320g is displayed superim-
posed, and at the same time notification is also carried out
using a notification sound from the sound generating section
299a.

Also, at the stage of FIG. 35(5) the exposure time is insuf-
ficient and so the image is dark, but after that if the images are
gradually changed to brighter images and the cumulative
adding is repeated a number of times, it will become an image
that appears over exposed, as shown in F1G. 35(g). In addition
to this notification information 3215 to 320g being present
during execution of bulb exposure, the elapsed time for the
bulb exposure is displayed.

Next, detailed operation of the digital single lens reflex
camera of the ninth embodiment of the present invention will
be described using the flowchart shown in FIG. 34. In the
ninth embodiment also, if a battery is fitted, the processing
flow for power on reset is executed. The processing flow for
this power on reset is the same as in FIG. 4 for the first
embodiment, and so detailed description will be omitted.

Also, cycle time input of step #31 in the processing flow of
the power on reset (refer to FIG. 4) is the same as the pro-
cessing flow of the cycle time input in the third embodiment
(referto FIG. 18) and so detailed description is omitted. Also,
the shooting operation of step #37 in the processing flow of
the power on reset (refer to FIG. 4) is the same as the pro-
cessing flow ofthe shooting operation in the first embodiment
(refer to FIG. 6) and so detailed description is omitted.

Next, the exposure operation of step #75 within the shoot-
ing operation processing flow (FIG. 6) will be described using
FIG. 34. In the description, steps carrying out the same pro-
cessing as the flow of FIG. 7 for the first embodiment have the
same step numbers attached, and detailed description thereof
is omitted.

It this processing flow is entered, first, similarly to step #9
(refer to FIG. 4), it is determined whether or not bulb mode
has been set (#101). If the result of determination is that bulb
mode has not been set, normal exposure mode, such as pro-
gram exposure mode, is executed in step #103 to step #115.
This normal exposure mode processing is the same as for the
flow of FIG. 7, and so detailed description is omitted.

If'the result of determination in step #101 is that bulb mode
has been set, then first the added image storage region that has
been allocated inside the temporary storage section 293 is
cleared (#119C), and the cycle time that was manually input
in step #31 is set (#120C). Next, a timer for display cycle time
timing is started (#121C), and similarly to step #105, together
with opening of the shutter 213 imaging is commenced
(#1220).

Display of notification information 321a for bulb expo-
sure, such as is shown in FIG. 35(a) is then started (#123C).
That is, at the time bulb exposure commences, the screen is jet
black, and if there is no display at all the photographer will be
unsure as to whether or not the exposure using bulb exposure
has started. In this embodiment also therefore, similarly to the
third embodiment, by displaying the notification information
321a it is possible for the photographer to recognize that the
exposure has started.

If the display of notification information is started, then
next the liquid crystal monitor backlight 26a is lit up (#124C),
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to illuminate the rear surface liquid crystal monitor 26. In this
way, the display screen of the liquid crystal monitor 26
becomes bright and it is possible to view.

Next, it is determined whether or not the timer for cycle
time timing has reached the cycle time set in step #120C
(#125). If the result of determination is that the cycle time has
not elapsed, it is determined whether or not the full pressing
of the release button 21 has been released, that is, whether or
not the 2R switch is off (#151).

If the result of determination in #151 is that the 2R switch
is not off, it is next determined whether or not the image
display is maintained over a predetermined time (#161C). In
this step, it is determined whether or not the timer for cycle
time timing that started a timing operation in step #121C (or
in step #131C the second and subsequent times) has reached
a predetermined time, for example, 10 seconds.

If the result of determination in step #161C is that the
predetermined time has not been reached, step #125 is
returned to and image display by the liquid crystal monitor 26
and lighting of the liquid crystal monitor backlight 26a are
continued.

On the other hand, if the result of determination in step
#161C is that the predetermined time has elapsed the liquid
crystal monitor backlight 264 is turned off (#163C) and dis-
play of the added image on the liquid crystal monitor 26 is
turned off (#165C). This is in order to reduce power supply
consumption, so that the added image is displayed for only a
predetermined time at the time of update.

With this embodiment, notification display for the bulb
exposure is displayed on the liquid crystal monitor 26, but by
also turning notification display for bulb exposure in addition
to turning off the image display of step #165C, and turning off
the power supply to the liquid crystal monitor 26 itself, it is
possible to further reduce power supply consumption. In step
#165C, if the image display is turned off, step #125 is returned
to.

If the result of determination in step #125 is that the cycle
time has elapsed, then similarly to step #109 and step #111,
image forming of the image sensor 221 is stopped with the
shutter 213 still open, and reading of pixel signals is carried
out (#127, #129).

Next 1 is added to the counter (#130C). The update counter
is reset at the same time as the timer is started in step #121,
and every time this step #130 is passed through 1 is added. By
multiplying a count value of this update counter by the cycle
time set in step #120), it is possible to obtain a cumulative time
from when the exposure using bulb exposure started.

Next, the timer for cycle time timing is restarted (#131C),
and imaging on the image sensor 221 is commenced (#133C).

Next added image data is read from a storage region that
was previously stored in the storage region of the temporary
storage section 293, and adding processing for this image data
and image data read in step #129 is carried out (#135C).
Image data of the added image obtained here is stored in a
storage region of the temporary storage section 293 that is
used for added image storage (#137C).

Ifaccumulation of the added image is completed, the added
image stored in the temporary storage section 293 is next
displayed on the rear surface liquid crystal monitor 26 (#139).
Ilumination of the liquid crystal monitor 26 is then carried
out using the liquid crystal monitor backlight 26a. As has
been described, with image display using the liquid crystal
monitor 26 and illumination using the liquid crystal monitor
backlight 264, display of an added image is turned off if added
image display continues for a predetermined time (#163C,
#165C).
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Next, it is determined whether or not the cycle time set in
step #120C is 30 seconds or more (#143C). If the result of
determination is that the set cycle time is 30 seconds or more,
a notification sound is emitted for a predetermined time (for
example 0.3 seconds) by the sound generating section 299«
(buzzer 287). It is possible to let the photographer know that
the image has been updated using the notification sound.

Here, the fact that whether or not to emit a notification
sound is switched depending on whether or not the set cycle
time is a determined time or longer is because in the event that
the cycle time is short, intervals between emission of the
notification sound will be short, giving a noisy impression.
This determined time is not limited to 30 seconds, and can be
appropriately altered. If the result of determination in step
#143C is that the set cycle time is less than 30 seconds, or if
the notification sound has been emitted in step #145C, step
#125 is returned to and the previously described operations
are executed.

In step #122C, at the initial stage where the imaging opera-
tion has commenced notification information 321a is dis-
played on the liquid crystal monitor 26, as shown in FIG.
35(a), and illuminated by the liquid crystal monitor backlight
26a. If it is determined in step 161C that the predetermined
time has elapsed, illumination by the liquid crystal monitor
backlight 264 is turned off.

Next, if it is determined in step #125 that the cycle time has
elapsed a formed image is read out, and the image at this time
is displayed as shown in FIG. 35(5) (#139C), and at the same
time if the set time is 30 seconds or greater a notification
sound is emitted by the sound generating section 299a
(#145C). Also, illumination by the liquid crystal monitor
backlight 26a is carried out for a predetermined time (from
#141C to #163C).

As shown in FIG. 35(c) to FIG. 35(g), every time it is
determined in step #125 that the cycle time has elapsed, the
added image and notification display 320c¢ to 320g are
updated. At this time a notification sound is also emitted for a
predetermined time. At the initial stage the added image is
insufficiently bright, and so the screen remains dark, but with
the screen becoming brighter as the accumulation time
increases the photographer completes the bulb exposure at the
point in time when they determine that their desired bright-
ness has been attained.

As the notification information 3215 to 320g, as shown in
FIG. 35 there is display indicating that bulb exposure is being
executed, and display of cumulative exposure time for the
bulb exposure. Also in this embodiment, the cumulative expo-
sure time is obtained using a count value of the update counter
that is made to count in step #130C and the set cycle time, but
this is not limiting and it is also possible to provide a counter
for obtaining the cumulative exposure time at the time of bulb
exposure, and displaying elapsed time based on this counter.

Ifit is determined in step #151 that the 2R switch has been
turned off as a result of the photographer taking their finger
off the release button 21 at the point in time where their
desired brightness has been reached, then similarly to step
#127 imaging is stopped together with closing of the shutter
213 (#153). Specifically, the exposure operation is com-
pleted, and after that the original routine is returned to.

In this way, with the ninth embodiment of the present
invention, every time the set cycle time elapses (Y at #125),
imaging by the image sensor 221 is stopped, image data is
output, this image data and an immediately preceding added
image stored in the storage region of the temporary storage
section 293 are added, and the result is stored. The added
image stored in each storage region is updated and displayed
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in the rear surface liquid crystal monitor 26 every time the
cycle time elapses, as shown in FIG. 35.

Also, with this embodiment, every time the image is
updated a notification sound is emitted by the sound generat-
ing section 299q, and when this notification sound is emitted,
since the rear surface liquid crystal monitor 26 should only be
viewed when the notification sound is emitted, the photogra-
pher can view without any problem.

Further, with this embodiment, after the image has been
updated the liquid crystal monitor backlight 264 is only lit for
a predetermined time, which means that it is possible to
reduce consumption of the power supply. Also, since the
notification sound by the sound generating section 298 is
stopped if the set cycle time is short, it is possible to prevent
the notification sound being emitted at short time intervals.

In this embodiment, as notification information there are
display indicating bulb exposure and display of the elapsed
time from the start of bulb exposure, but it is also possible to
omit the elapsed time. Also, the characters “bulb exposure”
and “BULB” are displayed in order to indicate that bulb
exposure has commenced, but this is not limiting and it is also
possible to have another display such as a symbol or an icon.

Next, a tenth embodiment of the present invention will be
described using FIG. 36 to FIG. 40. In the first to ninth
embodiments, added images were displayed over the course
of a long time exposure, such as bulb exposure. However,
when confirming the image after exposure, there will be times
when it is instantly recognized that exposure is wrong.

In the tenth embodiment therefore, individual added
images acquired over the course of a long time exposure such
as bulb exposure are stored, so that it is possible to confirm the
individual added images after exposure.

The structure of the tenth embodiment is partially similar
to the structure of the first and third embodiments, and so
detailed description of parts of the structure that are the same
will be omitted.

The external appearance of the digital single lens reflex
camera of the tenth embodiment is similar to FIG. 1, and
electrical circuits are similar to FIGS. 16A and 16B, and so
detailed description will be omitted.

Next, the structure relating to image display during expo-
sure, in bulb exposure etc., will be described using FIG. 36.
Similarly to FIG. 3, the control section 297 is constructed of
abody CPU 251 for controlling the overall digital single lens
reflex camera.

The imaging section 291, similarly to FIG. 3, includes the
image sensor 221 image sensor drive circuit 223, ADC circuit
225 and dark current elimination circuit 227, and outputs
image data based on image signals. Output of the imaging
section 291 is connected to the adding processing section 294.

The adding processing section 294 is made up of the body
CPU 251 and an image processing circuit 257. The adding
processing section 294 is input with image data from the
imaging section 291, and also input with previous added
image data stored in the storage region of the added image
storage section 292, and adds the two together to generate an
added image and outputs the result to the added image storage
section 292.

The added image storage section is constituted by a tem-
porary storage device such as SDRAM 267, and has a plural-
ity of storage regions divided into from storage region A to
storage region n, with each storage region sequentially stor-
ing the added image data thus far.

That is, initial image data is stored in the storage region A,
then if image data is output from the imaging section 291,
adding processing for that image data and previous added
image data stored in the storage region A are carried out, and
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new added image data is stored in the storage region B. In this
manner, in accordance with control by the control section
297, every time image data is output from the imaging section
291, image data to that point is subjected to adding processing
and sequentially stored in the storage regions in the added
image storage section 292.

The image display section 296, similarly to FIG. 3, is
comprised of a liquid crystal monitor 26 and a liquid crystal
monitor drive circuit 263, and displays image data that has
been read from the added image storage section 292.

A selection section 298¢ is made up of a cross-shaped
button 20 and an OK button 31, and selects a finally stored
image from among a plurality of subject images formed at the
time of bulb exposure. The image storage section 295, simi-
larly to FIG. 3, is comprised of a storage medium 277, and
stores an image selected by the selection section 298a.

With this type of structure, the control section 297 causes
output of image data from the imaging section 291 at intervals
of the set cycle time, and the adding processing section 294
adds this image data to the preceding added image stored in
the added image storage section 292. Added values for image
data up to the time of respective image data output are then
stored in a respective storage region of the added image
storage section 292.

An image based on the image data stored in the added
image storage section 292 is then displayed on the image
display section 296. Image data stored in storage region A has
the earliest exposure, and so is an mage that appears under
exposed, as shown in FIG. 39(a). Next, since the next stored
image of storage region B is added to the image data having
the initial exposure, it becomes slightly brighter as shown in
FIG. 39(b).

Every time image data is sequentially accumulated in the
added image storage region 292, the image becomes gradu-
ally brighter, with the image of the storage region D
approaching correct exposure, as shown in FIG. 39(d), and if
accumulation of image data continues further it becomes an
over exposed mage as shown in FIG. 39(g) that is stored in
storage region G.

If exposure is completed, images based on image data
stored in the respective storage regions are displayed in tabu-
lated form as thumbnails, as shown in FIG. 40, on the image
display section 296. In the case immediately after completion
of bulb exposure, a selection frame 341 indicates an image
corresponding to the final exposure.

The photographer selects an image that accords with their
intentions from among the images shown in table form by
moving the selection frame 341 by operating the cross-
shaped button 30 until it indicates a good image, and then
using the OK button 31. If the image is selected, that image is
stored in the storage medium 277.

Next, detailed operation of the digital single lens reflex
camera of the tenth embodiment of the present invention will
be described using the flowchart shown in FIG. 37. In the
tenth embodiment also, if a battery is fitted, the processing
flow for power on reset is executed. The processing flow for
this power on reset is the same as in FIG. 4 for the first
embodiment, and so detailed description will be omitted.

Also, cycle time input of step #31 in the processing flow of
the power on reset (refer to FIG. 4) is the same as the pro-
cessing flow of the cycle time input in the third embodiment
(refer to FIG. 18) and so detailed description is omitted.

The shooting operation of step #37 in the processing flow
of'the power on reset (refer to FIG. 4) will be described using
the flowchart shown in FIG. 37. Processing flow ofthis shoot-
ing operation is the same as the processing flow of the shoot-
ing operation in the first embodiment shown in FIG. 6, and
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steps #61 to #79, step #83 and step #85 Steps carrying out the
same processing therefore have the same step numbers
attached, and description will center on pints of difference.

If the 1R switch is turned on, processing flow for the
shooting operation is entered, processing advances to step
#61 to step #69, and if the 2R switch is turned on there is a
transfer to operation for carrying out exposure in step #71 and
after.

The exposure operation is started in step #75. In this step,
travel of the front curtain of the shutter 213 commences,
together with charge accumulation of the image sensor 221.
Then, if a time corresponding to the shutter speed acquired in
step #67 or a shutter speed that was manually set by the
photographer has elapsed, travel of the rear curtain of the
shutter 213 starts, and charge accumulation of the image
sensor 221 is terminated.

Here, if bulb mode has been set, then while the release
button 21 is being pressed down completely the shutter 213 is
open, and at this time image data is repeatedly acquired using
the image sensor 221 at intervals of the cycle time, and an
added image is displayed on the liquid crystal monitor 26
while being updated, based on this image data. This exposure
operation will be described in detail later using FIG. 38.

If the exposure operation is completed, an instruction to
open up the aperture 103 is output to the CPU 111, the
aperture 103 is opened up (#77), and an operation to restore
the movable mirror 201 to the lowered position is carried out
(#79). Then, as in step #65, it is determined whether or not
there is bulb mode (#81D).

Ifthe determination in step #81D is that it is not bulb mode,
image processing of data for a normal image read from the
image sensor 221 and temporarily stored in the SDRAM 267,
or for an added image, is carried out, and the image processed
image data is stored in the storage medium 277 (#83). Display
of'the image that is displayed on the rear surface liquid crystal
monitor 26 is the stopped (#85). Once image display is
stopped, the original routine is returned to.

If the result of determination in step #81D is that there is
bulb mode, all added images are displayed as a list (#89D).
That is, thumbnail display is carried out as shown in FIG. 39A
based on image data stored in respective regions of the added
image storage section 292. The newest image, that is the
finally exposed image, is then selected, and display of the
selection frame 341 is carried out (#91D).

Next, determination as to whether or not the cross-shaped
button 30 has been operated is carried out (#93D), and if ithas
not been operated there is a jump to step #97D. On the other
hand, if the result of determination is that the cross-shaped
key 30 has been operated the selection frame 341 is moved in
accordance with the operation direction and the selected
image is changed (#95D).

It is then determined whether or not the OK button 31 is
operated (#97D), and if the result of determination is that the
OK button 31 has not been operated step #93 is returned to
and the previously described processing is executed. On the
other hand, if the result of determination is that the OK button
31 has been operated then image data of the selected image is
read out from the added image storage section 292 (#99D). If
reading is complete, processing advances to previously
described step #83, and processing is executed.

Next, the exposure operation of step #75 within the shoot-
ing operation processing flow of FIG. 37 will be described
using FIG. 38. In the description, steps carrying out the same
processing as the flow of FIG. 7 for the first embodiment have
the same step numbers attached, and detailed description
thereof is omitted.
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It this processing flow is entered, first, similarly to step #9,
it is determined whether or not bulb mode has been set (#101).
If the result of determination is that bulb mode has not been
set, normal exposure mode, such as program exposure mode,
is executed in step #103 to step #115. This normal exposure
mode processing is the same as for the flow of FIG. 7, and so
detailed description is omitted.

If'the result of determination in step #101 is that bulb mode
has been set, then first the entire added image storage region
that has been allocated inside the added image storage section
293 is cleared (#119D), and the cycle time that was manually
input in step #31 is set (#120D).

Next, a timer for display cycle time timing is started
(#121), and similarly to step #105, together with opening of
the shutter 213 imaging is commenced (#123). Next, it is
determined whether or not the timer for cycle time timing has
reached the cycle time set in step #120D (#125).

If the result of determination is that the cycle time has not
elapsed, it is determined whether or not the full pressing of the
release button 21 has been released, that is, whether or not the
2R switch is off (#151). In the event that the 2R switch is on
and the cycle time has not elapsed, a standby state is entered
where the determinations at steps #125 and #151 are alter-
nately executed.

If the result of determination in step #125 is that the cycle
time has elapsed, then similarly to step #109 and step #111,
image forming of the image sensor 221 is stopped with the
shutter 213 still open, and reading of pixel signals is carried
out (#127, #129). Next, the timer for cycle time timing is
restarted (#131D), and imaging on the image sensor 221 is
commenced (#133D).

Next added image data is read from a storage region that
was previously stored in the storage region of the added image
storage section 293, and adding processing for this image data
and image data read in step #129 is carried out (#135D).
Image data for the added image acquired here is stored in a
storage region adjacent to the storage region previously read
by the added image storage section 293 (#137D). This stored
added image is then displayed on the rear surface liquid
crystal monitor 26 (#139D), step #125 is returned to, and the
previously described steps are executed.

If the result of determination in step #151 is that the full
pressing of the release button 21 has been released, that is, it
has been determined that the 2R switch has been turned off,
then imaging is stopped together with closing of the shutter
213 (#153). Specifically, the exposure operation is com-
pleted, and after that the original routine is returned to.

In this way, every time the cycle time set in step #31
(#120D) elapses (Y at #125), imaging by the image sensor
221 is stopped, image data is output, added images of this
image data and an immediately preceding added image stored
in the storage region of the added image storage section 292
are obtained, and sequentially stored. The added image stored
in each storage region is updated and displayed in the rear
surface liquid crystal monitor 26 every time the cycle time
elapses, as shown in FIG. 39. At the point in time when the
cycle time initially elapses, since cycle time is short a com-
pletely dark image results, and the image is gradually made
brighter by cumulatively adding image data each time the
cycle time elapses.

With the tenth embodiment, if bulb mode has been set an
exposure operation is repeated during the bulb exposure
operation at cycle time intervals, image data acquired at this
time and a previous added image are added, this added data is
respectively independently stored in the added image storage
section 292, and after completion of exposure it is possible to
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select from a plurality of added images. It is therefore pos-
sible to acquire an image of an appropriate exposure level
after exposure.

Also, with this embodiment added images are displayed as
a list on the liquid crystal monitor 26. It is therefore possible
to compare the individual added images and easily select the
image the photographer desires. Further, with this embodi-
ment a period for acquiring repeated output from the imaging
section 291 (cycle time) is variable, and so it is possible to
make it an optimum period according to characteristics of the
subject image.

Further, with this embodiment added images during expo-
sure are displayed in accordance with progress of the expo-
sure, which is useful, with bulb exposure, in determining the
time at which to complete exposure.

With this embodiment added images are displayed in order
to show exposure level during exposure, but if it is simply
used to finally select an image it is possible to omit the display
of'added images during exposure.

Further, with this embodiment reading out of a selected
image is carried out in step #97 and step #99, but the selected
image is not limited to one and it is also possible to read out
a plurality of added images.

As has been described above, with each of the embodi-
ments of the present invention, image data that has been
repeatedly read from an imaging section 291 is sequentially
added, and added image data is generated and displayed on
the image display section 296. It is therefore possible to
confirm the advancement of exposure at the time of a long
time exposure such as bulb exposure. It is also possible to
display added images that have been stored in an added image
storage section in the form of a list after a long time exposure
such as bulb mode. It is therefore possible to select an image
that conforms to the intended exposure by the photographer
after exposure.

With each of the embodiments of the present invention, if
the bulb mode has been set, the release button 21 is pressed
down fully, and until this full pressing down is released, that
is, while the 2R switch is on, the shutter is opened and the
exposure operation carried out. However, as well as this
method of operating, it is also possible, for example, to start
the exposure operation when the release button 21 is pressed
down fully (first release operation), continue the exposure
operation even if the full pressing of the release button 21 is
released, and stop the exposure operation when the release
button 21 is pressed down fully again (a second release opera-
tion carried out after the first release operation).

Also, in the first, second and fifth to eighth embodiments, if
the exposure operation is completed, an image is read out in
steps #155 (FIG. 7, FIG. 14) and step #163B (FIG. 26, F1G. 28
to FIG. 30), and an added image that has been added to this
image is displayed (#161, #169B). However, it is also pos-
sible to not read an image in step #155 or step #163B, but
display the final added image acquired in step #137.

Further, in each of the third, fourth, ninth and tenth embodi-
ments of the present invention, when the exposure is com-
pleted, if imaging is stopped in step #153 (FIG. 19, FIG. 21,
FIG. 34, FIG. 38) there is no reading of image signals from the
image sensor 221. However, similarly to the first, second and
fifth to eighth embodiments, it is totally possible to read an
image after stopping imaging, perform addition, and display
the added image.

Further, with the second embodiment of the present inven-
tion, an example is shown where added images are generated
even if a long time exposure is carried out, but in other
embodiments also it is also possible to generate and display
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added images in the case where long time exposure is carried
out, for example, exposure of a few seconds.

Further, in the first and third to eighth embodiments, the
cycle time is manually set in step #31. However, this is not
limiting and it is also completely possible, similarly to the
second embodiment, to automatically set the cycle time
according to subject brightness, so as to either shorten the
cycle time if the brightness is high, or conversely to extend the
cycle time if the brightness is low.

Also, this embodiment has been described as an example
applied to a single lens reflex type of digital camera, but
besides being applied to a single lens reflex camera there is no
problem with the present invention being applied to a com-
pact type digital camera or a camera of the type incorporated
into a mobile telephone or PDA (mobile information termi-
nal: Personal Digital Assistant) etc. As long as it is has an
imaging device capable of long time exposures, such as bulb
mode, it is possible to apply the present invention.

Description has been given above embodiments of the
present invention, but the present invention is not limited to
these embodiments, and structural elements may be modified
in actual implementation within the scope of the gist of the
embodiments. It is also possible form various inventions by
suitably combining the plurality structural elements dis-
closed inthe above described embodiments. For example, it is
possible to omit some of the structural elements shown in the
embodiments. It is also possible to suitably combine struc-
tural elements from different embodiments.

What is claimed is:

1. An imaging device for executing an exposure operation
in

response to an instruction signal, comprising:

an imaging section for repeatedly forming subject
images in a set period, and outputting image data;

an adding processing section for carrying out sequential
addition processing of image data that has been output
from the imaging section; and

an image display section for executing processing for
added image data from the adding processing section,
and displaying the newest added image, wherein

the image display section, in order to notify that the
exposure operation is ongoing, displays information
based on a number of times images of the imaging
section have been updated superimposed on the added
image, wherein the image display section, immedi-
ately after commencement of the exposure operation,
displays information indicating that the exposure
operation has commenced instead of the added image.

2. The imaging device of claim 1, wherein the image dis-
play section, immediately after commencement of the expo-
sure operation, displays information indicating that the expo-
sure operation has commenced on a monochromatic
background.

3. The imaging device of claim 1, wherein the information
is information corresponding to elapsed time of the exposure
operation that has been calculated based on the number of
times images of the imaging section have been updated.

4. The imaging device of claim 1, wherein the image dis-
play section, once a brightness level of the added image data
calculated by the adding processing section has reached a
specified level, sequentially displays added image data after
that.

5. The imaging device of claim 1, wherein the image dis-
play section, after initial image display has been carried out,
displays information based on the number of times of image
update, superimposed on a display image.
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6. The imaging device of claim 1, wherein the image dis-
play section, immediately after commencement of the expo-
sure operation, displays first information indicating that the
exposure operation has commenced, instead of the added
image, and at the time of displaying the added image, displays
second information in order to notify that the exposure opera-
tion is ongoing, in a format that is different to the first infor-
mation.

7. An imaging method for executing an exposure operation
in response to an instruction signal, comprising:

repeatedly forming subject images in an imaging section in

a set period, and outputting image data;

carrying out sequential addition processing of the output

image data; and

executing processing for added image data, and displaying

the newest added image in an image display section,
wherein the image display section, in order to notify that
the exposure operation is ongoing, displays information
based on a number of times images of the imaging sec-
tion have been updated superimposed on the added
image,
wherein the image display section, immediately after com-
mencement of the exposure operation, displays information
indicating that the exposure operation has commenced
instead of the added image.

8. The imaging method of claim 7, wherein the image
display section, immediately after commencement of the
exposure operation, displays information indicating that the
exposure operation has commenced on a monochromatic
background.

9. The imaging device of claim 7, wherein the information
is information corresponding to elapsed time of the exposure
operation that has been calculated based on the number of
times images of the imaging section have been updated.

10. The imaging device of claim 7, wherein the image
display section, once a brightness level of the added image
datahas reached a specified level, sequentially displays added
image data after that.

11. The imaging device of claim 7, wherein the image
display section, after initial image display has been carried
out, displays information based on the number of times of
image update, superimposed on a display image.

12. The imaging device of claim 7, wherein the image
display section, immediately after commencement of the
exposure operation, displays first information indicating that
the exposure operation has commenced, instead of the added
image, and at the time of displaying the added image, displays
second information in order to notify that the exposure opera-
tion is ongoing, in a format that is different to the first infor-
mation.

13. An imaging device, comprising:

an imaging section for repeatedly forming subject images

in a set period while bulb exposure is being performed,
and outputting image data;

an adding processing section for carrying out addition pro-

cessing with previous image data each time the image
data is output, to generate an added image;

an image display section for displaying the added image;

and

a designation section for displaying first notification infor-

mation indicating that bulb exposure is being performed,
on the image display section, for a given period from
commencement of the bulb exposure, instead of the
added image, and, after a given period has elapsed after
commencement of bulb exposure, displaying second
notification information at a different position than the
first notification information.
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14. The imaging device of claim 13, wherein the first noti-
fication information that is displayed for a given period from
commencement of the bulb exposure is a notification using
textual information.

15. The imaging device of claim 13, wherein the second
notification information that is displayed after a given period
has elapsed from commencement of the bulb exposure is a
notification using numerical information.

16. The imaging device of claim 13, wherein the given
period is a period until a brightness level of the added image
reaches a specified level.

17. The imaging device of claim 13, wherein the given
period is a period until an elapsed time from commencement
of bulb exposure reaches a specified value.

18. The imaging device of claim 13, wherein after the given
period has elapsed, the added image is displayed, and at the
same time second notification information indicating that
bulb exposure is in progress is displayed superimposed on
part of the added image.
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19. The imaging device of claim 13, wherein the second
notification information further displays an elapsed time from
commencement of the bulb exposure.

20. The imaging device of claim 13, wherein the given
period is a period from commencement of bulb exposure until
an initial added image is displayed.

21. A control method for an imaging device, comprising:

after commencement of designation of bulb exposure,

repeatedly forming subject images in a set period and
acquiring image data;

adding to a previous image every time the image data is

output, and displaying an added image; and

displaying a first notification information image indicating

that bulb exposure is being performed, for a given period
from commencement of the bulb exposure, instead of
the added image, and, after the given period has elapsed,
displaying second notification information at a different
position than the first notification information.
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